Historic, archived document 


Do not assume content reflects current 
scientific knowledge, policies, or practices. 


ee ee 


ee aa ee, 


hada 


+ cee 


~ 
] ma” 
a. 


SOME RESULTS iF : onto 
ONS, l——— i a 


Iepatnent of are 


SOFT-PORK INVESTIGA 


Conducted jointly by the 
UNITED STATES DEPARTMENT OF AGRICULTURE 
| and the 
AGRICULTURAL EXPERIMENT STATIONS 


of 


ARKANSAS MISSISSIPPI 
GEORGIA NORTH CAROLINA 
INDIANA SOUTH CAROLINA 


UNITED STATES 
GOVERNMENT PRINTING OFFICE 
WASHINGTON 
1928 


> 


F ye ee te ee ee ee 


tte 
*eseere wy 


Washington, D. C. February, 1928 


SOME RESULTS OF 
SOFT-PORK INVESTIGATIONS, II 


Conducted jointly by the 
UNITED STATES DEPARTMENT OF AGRICULTURE 
and the 
AGRICULTURAL EXPERIMENT STATIONS 


of 


ARKANSAS MISSISSIPPI 
GEORGIA NORTH CAROLINA 
INDIANA SOUTH CAROLINA 


UNITED STATES 
GOVERNMENT PRINTING OFFICE 
WASHINGTON 
1928 


STATEMENT OF AUTHORSHIP 


This is the second bulletin published jointly by the depart- 
ment and several State experiment stations to report results 
of cooperative soft-pork investigations. The first publica- 
tion, Department Bulletin 1407, entitled “Some Results of 
Soft-Pork Investigations,’ was issued in April, 1926. The 
reader is referred to the introductory pages of that bulletin 
for a detailed presentation and discussion of the various 
aspects and phases of the soft-pork problem and of the 
methods employed in the cooperative study. In this bulle- 
tin only sufficient explanation relating to the problem and 
methods is given to furnish a background for the reader who 
has not read Department Bulletin 1407. While the investi- 
gations are being continued it is the purpose to present in 
detail the data and conclusions which have been agreed on 
for issuance by the cooperating institutions since the first 
bulletin was completed. The results reported were obtained 
under the direction of the following: 


E. Z. Russett, Bureau of Animal Indusiry. 

O. G. Hanxins, Bureau of Animal Industry. 

N. R. Exxis, Bureau of Animal Industry. 

J. H. Zevter, Bureau of Animal Industry. 

Epear Martin, Arkansas Agricultural Experiment Station. 

S. W. GREENE, Coastal Plain Experiment Station. 

D. G. Sutiins,! Georgia Agricultural Experiment Station. 

F. H. Smitu,: Georgia Agricultural Experiment Station. 

J. R. QUESENBERRY,? Iberia Livestock Experiment Farm. 

C. M. Vestar, Indiana (Purdue University) Agricultural Experi- 
ment Station. 

G. S. TempLeton, Mississippi Agricultural Experiment Station. 

C. J. GoopELL,: Mississippi Agricultural Experiment Station. 

E. H. Hostetter, North Carolina Agricultural Experiment Station. 

A. L. DuRant, South Carolina Agricultural Experiment Station. 

E. G. Gopsey, South Carolina Agricultural Experiment Station. 

W. D. Satmon,! South Carolina Agricultural Experiment Station. 


Credit is due L. W. Himmler,’ H. S. Isbell, and S. J. Dahl, 
of the Bureau of Animal Industry, for assistance in the labo- 
ratory work, and to K. F. Warner, of the Bureau of Animal 
Industry, for supervision of the slaughtering at the United 
States Animal Husbandry Experiment Farm, Beltsville, Md. 

By cooperative agreement the results of the investigations 
are shared jointly and equally by participating institutions. 
Each cooperating State is authorized also to publish this 
report in full or in part as a State bulletin with supplemen- 
tary data, if desired, relative to the local phases of the 
soft-pork problem, giving due credit to this publication. 


1 Resigned. 
2 Transferred to department station at Miles City, Mont. 
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THE SOFT-PORK PROBLEM 


The products of soft hogs have certain undesirable characteristics. 
There is a lack of firmness in the fat which may be so extreme as to 
cause a typical soft, flaccid, shapeless condition in the products, 
which makes them inconvenient to handle and unattractive to many 
people. The hams are probably least and the lard most subject to 
criticism, depending on the proportion of fat in the product. 

The soft-pork problem until recent years was considered as sec- 
tional in scope, important only*in peanut-producing localities. Estab- 
lishment of the fact that other feeds, especially soy beans, have a 
softening influence on hogs has expanded the problem to one of 
nation-wide importance. Soy beans have a wider adaptation, are 
produced in greater quantity, and are utilized in pork production to 
a greater extent than any other recognized softening feed. 

Producers, packers, dealers, and consumers are concerned in the 
problem of soft pork. The producer marketing medium soft, soft, or 
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oily + hogs from sections of the country known as soft-hog territories 
must accept a lower price in the usual case than if the hogs are firm. 
This price difference varies considerably, and no reliable average figure 
is available, but it is estimated at about 2 cents a pound on the live- 
weight basis. This represents a very large sum when considered col- 
lectively for the country as a unit and for any considerable period of 
time. The packer meets with various difficulties in handling soft hogs 
in the packing house and in sending the products along the channels 
of trade. (Hig.1.) This explains the lower price which he pays for 
such hogs. The retail dealer prefers to handle products from firm 
hogs and can sell them to his customers with greater mutual satis- 
faction. Such products hold their shape better, cut better, and pre- 
sent a a attractive appearance than those from soft hogs. (Figs. 
2 and 3. | 


Fic, 1.—Lard from hard, soft, and oily carcasses 


COOPERATION IN THE INVESTIGATIONS 


On July 1, 1919, the Bureau of Animal Industry, United States 
Department of Agriculture, with cooperating agencies, undertook a 
comprehensive investigation of the soft-pork problem. It was gen- 
erally conceded that the independent work which had been done in 
a disconnected way by various institutions had not resulted in satis- 
factory progress toward solution of the problem in the United States. 
Combined effort by the department and the State experiment sta- 
tions was regarded as promising better progress and quicker solu- 
tion. Thus the investigation was begun on that basis and has been 
so conducted without interruption. The Institute of American Meat 
Packers has assisted in the work throughout by furnishing a repre- 


1The physical grades recognized in these investigations (given in decreasing order of 
firmness) are: (1) Hard, (2) medium hard, (3) medium soft, (4) soft, and (5) oily. 
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sentative on the carcass-grading committee.?, This committee graded 
for firmness the carcasses of the hogs used in connection with these 
studies. 

The hogs were fed by the various institutions cooperating in the work 
according to the plans of the experiments agreed to by the group of 
cooperators, and were shipped to the United States Animal Husbandry 
Experiment Farm for slaughter, grading, and laboratory study of 
the fats. This centralization of slaughtering has been accompanied 
by a standardization of methods in the measurement of results which 
is regarded as very valuable. It is considered as an important 
improvement over the independent work done previously, in which 
the slaughtering was carried out at various commercial packing 


Fig. 2.—Smoked hams from hard and soft carcasses. Each ham supports a weight 
of 6.5 pounds 


plants, the carcass grading by different committees with varying 
standards of firmness, and the laboratory work in different labora- 
tories by various chemists using dissimilar tests in many cases. In 
the present investigations the refractive index has been adopted as 
the standard laboratory measure of firmness of the fats. It is as 
reliable as any of the other tests and can be determined with greater 
rapidity. 


2The carcass-grading committee is composed of a representative of the Institute of 
American Meat Packers, a representative of the State experiment stations, and a represent- 
ative of the Bureau of Animal Industry. Howard R. Smith, Baltimore, Md., until recently 
represented the meat packers and Earl H. Hostetler, of the North Carolina Agricultural 
Experiment Station, the State experiment stations, on the grading committee continuously 
from the beginning of the cooperative work. G. T. Cole, in charge of Federal meat- 
inspection work at Moultrie, Ga., represented the bureau during the first year, and H. K. 
Walter, who occupies a corresponding position at Washington, D. C., during the succeeding 
years. Anton A, Auth, Washington, D, C,, recently succeeded Mr, Smith. 
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At the close of each year’s work a conference of representatives 
of the institutions cooperating in the investigations was held. The 
complete results of the experiments were presented and analyzed. 
Such conclusions as seemed justified were drafted and approved by 
the conference to be made public. When sufficient authentic data and 
conclusions had been accumulated the conference recommended the 
publication of a bulletin. The present bulletin is the second so 
recommended in connection with these cooperative soft-pork investi- 
gations. As a final step the annual conference, having at hand com- 
plete information as to the status of each phase of the work, formu- 
lated a program of experiments for the following year. The various 


Fic. 3.—Fresh bacon from oily and hard carcasses 


stations then planned their work for the year to conform to this 


program. 
FUNDAMENTALS OF THE PROBLEM 


It has been indicated that softness of the fat is responsible for 
softness in hog carcasses and products. Conversely, when the fat of 
a carcass is firm the carcass and products are firm. The soft-pork 
problem is fundamentally, therefore, a fat problem. Study of body 
fat and of the constituents which enter into its production is a basic 
requirement of these investigations. 

The quantity and quality of the fat in feeds exert a wide range of 
influence on the firmness of body fat. It is well known that when 
the fat of feeds is stored by the hog there is no essential change in 
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its character so far as firmness or softness is concerned. It is an 
interesting fact that the fat of most of the common feeds is soft 
and in some cases oily or fluid at ordinary temperatures. The per- 
centage of fat in the more or less common hog feeds varies widely, 
from less than 1 per cent to approximately 50 per cent.* With some 
of the high-fat feeds the hog consumes fat enough to account for all 
of that stored, and in these cases the body fat bears remarkable 
resemblance to the fat of the feed. On the other hand, with feeds 
containing a low percentage of soft or oily fat, the body fat pro- 
duced shows little similarity to the fat of the feed. In the latter 
case the body fat, as a rule, is decidedly firm when the hog has been 
fed to a reasonable degree of finish. 

With the fat of most of the common feeds exerting a softening 
influence the question arises: What feed constituents are responsible 
for the firm hogs which are produced in many cases? ‘The animal 
body uses carbohydrates first to supply its need for energy. Any 
surplus above this need goes to build up a store of fat. Under 
the usual conditions of hog feeding in this country this is the chief 
source of synthesized body fat. Protein also may be used to form 
body fat under certain conditions, as when fed in excess of the body’s 
needs for growth and maintenance. Under usual feeding practices 
this seldom happens. There is much evidence to show that carbo- 
hydrates and protein normally produce firm fat in the body of the 
hog and no evidence to indicate that they produce soft fat. Common 
feeds and feed combinations containing high percentages of carbohy- 
drates and low percentages of fat are now recognized as producers of 
hard hogs, when the animals are fed to at least a moderate degree of 
finish. To summarize: The character of fat stored seems to a great 
extent to be governed, primarily, by the amount and character of 
fat, and, secondarily, by the amounts of the other nutrients, particu- 
larly the carbohydrates, in the feed consumed in relation to the rate 
of fat deposition. 

In the normal process of growing and fattening, the rate of fat 
deposition in a hog gradually increases. While the 50-pound pig 
stores fat at a low rate, the percentage of fat in the gain of a 150- 
pound animal is relatively high. This is a significant fact when 
considered in connection with the character of fat stored from any 
certain feed or feed combination, particularly one moderately low in 
fat. Such a feed may contain practically enough fat to satisfy the 
fat-storage requirements of the younger animal, resulting in the 
deposition of a soft body fat. With the increasing rate of storage 
as the animal matures, however, there is a corresponding decrease in 
the feed fat available for deposition. Under these conditions the 
other nutrients, usually the carbohydrates, must furnish an increas- 
ing supply of material for transformation into body fat. Thus a hog 
fed to maturity on a ration moderately low in softening fat gradually 
becomes firmer as it acquires weight and finish. 


BROADENED SCOPE OF THE WORK 


At the beginning of these investigations the peanut was the feed 
which stood forth, demanding the first consideration. In conse- 
quence most of the early experiments were planned to study the 


soe a Department Bulletin 1407 (p. 13, Table 2) for fat composition of common hog 
S. 
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effects of that feed on firmness under various conditions, and to de- 
termine the requirements for hardening peanut-fed hogs on different 
hardening feeds. While work along these lines has been continued, 
it was soon found necessary to investigate other feeds, as well as 
factors aside from feed. Among the other feeds which called for 
study on account of their probable softening influence were rice 
polish, rice bran, mast, and soy beans. The other factors which early 
showed their possible influence were initial weight, rate of gain, 
finish, sex, thrift, previous treatment, and breed. Thus the scope of 
the work was greatly broadened. Certain conclusions have been 
reached and published with the data supporting them. Specific 
ee will be made to those results at appropriate points in this 
ulletin. 


RELATION OF COMPOSITION OF FAT TO FIRMNESS OF CARCASS 


The firmness of the carcass is in large measure determined by the 
firmness of the adipose tissues and this in turn by the composition of 
the fat contained in these tissues. Analyses of the fat have shown 
that increasing unsaturation of the fat is accompanied by increasing 
softness of the carcass. It has therefore seemed desirable to determine 
the relationship between the committee grades and the composition 
of the fat. From this information one may be interpreted in terms 
of the other, and the data from both sources taken together give 
added exactness to the experimental results. 

Both methods of evaluating firmness have proved their usefulness 
throughout the investigations. The physical grading of the carcass, 
according to recognized commercial standards, is a very practical 
means of classification from the marketing standpoint. The data 
on the composition of the fat when in terms of such fat constants as 
the iodine number or refractive index give a general but reliable 
knowledge of the composition, while the more detailed and more 
difficult analysis for the content of the several fatty acids gives a 
deeper insight into the fundamental character of the effects of feeds 
and other factors on fat formation. This section of the bulletin is 
concerned principally with the comparison of refractive index and 
iodine values to the committee grades and is based on the results of 
those experiments which have been summarized in Department Bul- 
letin 1407 (4)* as well as in this bulletin. 

As would be expected in a study of this sort, where two such 
widely different methods are used, there have been numerous diver- 
gent results between laboratory tests and committee gradings. In 
some cases the laboratory test has failed to indicate the degree of 
softness; in others the committee grading has been at fault. Numer- 
ous factors affect the results, many of which are not well understood. 
The data on refractive index as well as iodine numbers have been 
summarized according to feeds and feed combinations, since it was 
found that standards of firmness as determined by laboratory tests 
varied with the rations fed. These variations have been ascribed 
largely to the variations in the amount and the degree of unsatura- 
tion of the feed fat. 

Soft lard ordinarily contains a greater amount of unsaturated, or 
liquid, fatty acids than hard lard. However, the proportions as well 


Italic numbers in parentheses refer to ‘‘ Literature cited,” p. 50. 
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as the totai amount of the predominating unsaturated acids (oleic 
and linolic) may vary according to the rations employed. The same 
situation may prevail in the case of the saturated acids (stearic and 
palmitic) although recent data (3) show approximately twice as 
much palmitic acid as stearic acid. The results of fatty-acid analyses 
(2) have shown that the body fats from hogs fed different feeds vary 
widely in their fatty-acid composition. Lards from hogs fed on soy 
beans have been found to contain nearly equal quantities of oleic and 
linolic acids, while lards from hogs fed brewers’ rice as the basal feed 
contained a relatively high amount of oleic acid and very little linolic 
acid. lLards of apparently equal firmness have been found to have 
differing proportions of fatty acids. Although little is known of the 
nature of the glycerides, it is evident that those formed during the 
feeding of a softening ration followed by a hardening ration may be 
materially different from those formed during the simultaneous feed- 
ing of softening and hardening feeds. 

It has been stated (4) that comparison of the various fat constants 
during the present investigations has shown that the melting point 
was less reliable than the refractive index or iodine number as a 
measure of firmness. Of the two latter methods, the refractive index 
has been adopted as the routine test. Under the uniform conditions 
prevailing in the handling of the fat samples and in making the 
refractive-index readings this test has shown a slightly higher corre- 
lation with committee grades and has been more useful because of 
the rapidity of determination as compared to the iodine number. 
The readings on preliminary fat samples which are available for 
comparison at the time the carcasses are graded have been particu- 
larly valuable. The refraction of unsaturated acids is known to be 
higher than that of saturated acids. This probably largely explains 
the parallelism of iodine and refraction values as associated with 
lard and renders the determination of both values unnecessary in the 
majority of cases. | 

Inability to explain certain cases of marked irregularities between 
grades and refractive indexes was noted early in the work. It was 
also apparent that there were conditions under which a single scale 
of grade limits was not entirely applicable. The following statement 
was accordingly made in Department Bulletin 1407 (4, p. 17): 

The refractive index does not always give an exact measure of the firmness of 
the hog careass. In some cases the discrepancy in the refractive index as indi- 
cated by the committee grading is due to the nature of the adipose tissue, 
particularly its thickness and fat content; in other cases it appears to be due to 
the specific effect on the fat of a certain kind of feeding. However, the refrac- 
tive index not only gives a check on the gradings but it furnishes a satisfactory 
means of comparing and showing slight changes in the degree of firmness which 
are not shown well by the gradings alone. 

Further study of the subject has accordingly been made from avail- 
able data on fat constants as well as on fatty-acid separations. Grade 
limits for refractive-index and iodine-number values have been deter- 
mined wherever possible to cover the lines of experimental feeding 
thus far reported. Particular attention has been given to the results 
on the back fat, since it has been found to be representative of the 
entire body fat. The difference between leaf fat and back fat varies 
somewhat with the ration used. Leaf fat is occasionally as soft as 
the back fat. The tabulation of refractive-index values according to 
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grades has been made for all the hogs within each of the main experl- 
mental feeding plans included in the study. In the case of the iodine 
number complete records were not available, but recent determina- 
tions on additional samples have furnished sufficient data to establish 
grade limits in a large number of cases. The marking off of grade 
limits is often difficult, owing to the low correlation of gradings and 
fat constants. The limits as here given do indicate the maximum 
number of hogs possible to include within the indicated limits for 
the data at hand. Those groups showing similar limits are classed 
together. 

Reference to the lists of feeds and feed combinations given in 
Table 1 shows that a large number of these (ration Group A) were 
grouped together for the general refractive-index grade limits, as 
previously ‘stated - (4). Fats which have been formed on rations 
containing the basal feeds, corn, brewers’ rice, peanuts, soy beans, 
peanut meal with corn, and also corn following soy beans alone or 
supplemented with a medium ration of corn, show similar correlation 
of refractive-index and iodine values to committee grades. This lst 
covers a range from the hardest to the softest fats which have been 
observed in soft- pork experiments. Studies on the fatty-acid com- 
position of fats produced on the feeds just mentioned have shown (3) 
a pronounced rise in linolic acid and a drop in saturated acids, with 
increasing softness. In fact, the change in iodine number and refrac- 
tive index is reflected very closely in the change in the linolic acid. 
Soy-bean feeding has caused a more abrupt rise in linolic acid, accom- 
panied by a drop in oleic acid, than with peanut feeding, although 
the degree of softness was similar. An approximate ratio of one part 
stearic to two parts palmitic acid was found in fats from hogs fed 
corn, brewer’s rice, peanuts, and soy beans. The total amount of sat- 
urated acids, however, appears to be an excellent criterion of firmness 
and to explain numerous cases in which the fat constants and the 
percentage of linolic acid are at variance with the grading on the 
carcass. Certain examples of this will be mentioned later. 


TABLE 1.—Refractive index and iodine number limits for grades of carcasses 


Ration Group A Ration Group B Ration Group C Ration Group D 
| 
temEsehie ois tart 2 2 1. Corn and supple- | 1. Rice polish and | 1. Corn following | 1. Pigs of slaughter: 
ments. tankage. peanuts to pigs | weight under 
2. Brewers’ rice and | 2. Rice bran and of initial 125 pounds. 
supplements. tankage. weight of 85 
3. Peanuts. 3. Corn or brewers’ pounds or over. 
4. Soy beans. rice following 
5. Corn following (4). both (1) and 
6. Soy beans and (2). 
medium ration 
of corn. 
7. Corn following (6). 
8. Peanut meal with 
corn. 


REFRACTIVE INDEX 


INdmaber Of hOgSes- ls O2p seme sees 299 ae See eee Aes 14 3 Oy eee oo) Seen ee | 400. 

Carcass grade: | | 
ard te se 1.4597 and below____| 1.4592 and below-___| 1.4596 and below -_-| 1.4594 and below. 
Medium hard__| 1.4598 to 1.4601___-_- 1.4593 to 1.4596__ __- 1.4597 to 1.4598____-| 1.4595 to 1.4598. 
Medium soft_-_-| 1.45602 to 1.4605___-_-| 1.4597 to 1.4600----- 1.4599 to 1.4600____- 1.4599 to 1.4601. 
Sole eee 1.4606 to 1.4618_-_-_-- 1.4601 and above_-_-_}| 1.4601 to 1.4614___-- 1.4602 to 1.4619. 
Oilys tse 1.4619 and above__-__| Occasional oily_---- Sees ee Se ok Se 1.4620 and above. 


RESULTS OF SOFT-PORK INVESTIGATIONS, II 9 


TABLE 1.—Refractive index and iodine number limits for grades of carcasses— 
Continued 


IODINE NUMBER 


Ration Group A Ration Group B Ration Group C Ration Group D 
INtimiberof hogsees|E46pean aes eee DIGS! seaeer et Srey 13O Suis eee se 
Carcass Stade ie Cia ae 
ard ere keeis3 66.4 and under---_-- 60.9 and under __-__- \aissntte § 
Medium hard__| 67 to 70.4....----___- INTO es le a Ts tls ea eee 
; e for all grades. |{Limits not deter- 
Meditm:soft-22|"70!5:t0 (72.92 2232" 2 ss GontOl6s Os es : 
: w Soft hogs run |}{ mined. 
Sofas Pipsyi| KOV.tayaee: Ce os Spas a ee ee 69 and above_______ from 69 to 78 
Qilyes eee se 83.5 and above__-_-_-__ Occasional oily__-__. : 


Except for the cases in which corn followed a softening period 
on soy beans alone or supplemented with corn, the rations listed in 
Group A were fed throughout the experimental period. 

The rations listed under Group B represent the feeding of rice 
polish and rice bran and these feeds followed by corn and brewers’ 


rice. The grade limits of both the fat constants are decidedly lower 


throughout than those of the previous group. The low limits for 


hard and medium-hard hogs are especially noteworthy. ‘Thus, for 


a refractive index of 1.4595, hogs fed rice bran or polish and hard- 
ened on corn or brewers’ rice were graded medium hard, while if 
fattened on corn throughout they were graded strictly hard. This 
discrepancy must necessarily lie in a difference in the composition or 
structure of the fat which is not shown in the fat constants. Unpub- 
lished data on the fatty-acid composition of lards from hogs fed 
the various combinations of rice by-products and corn show the 
usual fluctuation of linolic acid with refractive index and iodine 
number. The saturated-acid content appears to be the better cri- 
terion of firmness although changes in the ratio of linolic acid may 
modify this relationship in some cases. As appled to the case 
cited for fats of the same refractive index but of different grades, 
the medium-hard hogs fed rice bran or rice polish showed a lower 
saturated-acid content in the lard than the hard hogs raised on 
corn. 

The combination of peanuts followed by corn (Ration Group C) 
necessitated a different scale. In the latter case the large quantity 
of unsaturated glycerides formed during the feeding of peanuts had 
caused the retention of the soft condition beyond the usual points 
indicated by fat constants according to the scale of Ration Group A. 
In addition, the saturated-acid content of these peanut-corn lards 
tends to be comparatively low. Most of the 139 hogs included in 
this group were graded soft. The most striking point of the refrac- 
tive-index grade limits is the very narrow range of the two medium 
grades. Possibly greater numbers of hard and medium-hard hogs 
would change the dividing point for these grades. From this 
situation it would appear to be rather difficult at times to determine 
satisfactorily the physical grade of the carcass, particularly those 
of moderate firmness. The limits of grades for iodine numbers in 
this group were so ill defined that it was concluded that this constant 
was of little value. In the case of the Group A rations, the iodine 
number was as reliable as the refractive index. In other words, 
the percentages of values for the two constants which were within 


the respective grade limits were very close, namely about 75 per cent. 
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The last column (Ration Group D) in Table 1 relates to pigs 
slaughtered at weights under 125 pounds, and figures for the refrac- 
tive index only are given. Sufficient data on iodine numbers were 
not available to determine the limits, but so far as noted the values 
parallel those of the refractive index. The limits of grades for 
the refractive index are in most cases 2 points higher than in Ration 
Group B and about 3 points lower than in Ration Group A. Ex- 
planation of this behavior appears to center in the adipose tissue 
rather than in the fat itself. Young pigs usually have a relatively 
thin layer of adipose tissue which has not become filled with fat. 
The composition of the adipose tissue has been found to vary with 
the fatness and size of the animal. The protein and water content 
decrease while the fat content increases as the animal takes on 
weight and finish. 

The smaller quantity of fat in the adipose tissue with consequent 
higher quantity of protein tissue of the lightweight and thin pigs 
appears to result in a measurable masking of the real firmness or soft- 
ness of the fat. The low relative thickness of the adipose tissue acts 
in a Similar manner. In many instances there are wide variations in 
the fatness of animals of the same weight within the 125-pound limit. 
On a corn ration the fat pigs of 100 pounds are usually more com- 
parable, from the grading standpoint, to animals weighing consider- 
ably more than 125 pounds. This, in part, is explained by the greater 
firmness of the body fat as shown by the refractive index and also by 
the character of the adipose tissue. 

It appears, from an examination of the data on a large number of 
lhghtweight “ check ” pigs, that, from the market standpoint, the car- 
cass grading is a safe criterion of the condition of the carcass. How- 
ever, greater emphasis must be placed on the actual composition of 
the fat in studying the changes produced by feeds and other factors 
on the body fat. There have been numerous instances in which 
variations in the feed before the experimental period, which were par- 
ticularly reflected in the refractive index and not in the gradings, 
have had a marked influence on the final results of the experimental 
feeding. 

In addition to the determining of grade limits, further comparison 
has been made of the parallelism between the refractive index and 
the iodine number as they measure increasing softness or hardness. 
Group averages of iodine numbers have been made which are com- 
parable, so far as a smaller number of determinations permit, with 
the refractive-index averages used in preparing the various graphs of 
this bulletm and of Department Bulletin 1407(4). From com- 
parison of the data on the same samples, corresponding values for 
the two constants were determined and a complete scale of the iodine 
number which paralleled the refractive index was constructed. The 
results from the rations listed in Group A of Table 1 were used for 
the most part in constructing this parallel scale, shown in Figure 4. 

The refractive index is given at the left and iodine number at the 
right as abscissas. The weights of the hogs are charted as ordinates 
to show progressive changes in the two values. 

The results shown in Figure 4 confirm the statement that the iodine 
and refractive-index values are usually in close agreement. ‘The 
rations listed in Group A of Table 1 have furnished values showing a 
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very close parallelism. In the case of rice polish and tankage, the 
refractive-index values run relatively low. It will be recalled that 
the grade limits for rice-bran and rice-polish feeding are lower than 
in most of the rations. This behavior indicates that factors other 
than the degree of unsaturation as indicated by the iodine number 
influence the refractive index and the firmness of the adipose tissue. 
The feeding of corn following peanuts to pigs of 100 pounds’ initial 
weight causes a more rapid decline in the refractive index than in 
the iodine number. Since there is a general lack of agreement be- 
tween iodine numbers and gradings, in the case of this combination 
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of feeds the failure of the two fat constants to follow a parallel course 
such as the other rations show may not have much significance. 


RESULTS OF THE INVESTIGATIONS 


CLASSES OF PIGS USED 


Initial weight has been recognized in these investigations as a 
factor of importance enough to” require control in connection with 
the various experiments. “Therefore, in the plans of the experi- 
ments initial-weight limitations have been specified. Conditions 
have made it impossible to adhere strictly to these in all cases, but 
they have been followed without deviation in groupings and study of 
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data from animals used in the different experiments. Specific 
reference will be made to initial weight under each of the sections 
reporting conclusive results, which are to follow. 

To avoid the use of unthrifty animals it was agreed by the co- 
operating agencies early in the investigations that pigs having an 
initial weight of approximately 100 pounds should be not more than 
six or seven months of age, with those of higher or lower weights 
varying in maximum age accordingly. The degree of lenienc 
suggested by this standard seemed necessary on account of the diffi- 
culties often experienced by some stations in obtaining suitable ex- 
perimental animals. : 

To a very considerable extent the pigs used in the experiments 
were well bred. Most of them were purebreds, the Berkshire, 
Chester-White, Duroc-Jersey, Hampshire, Poland-China, and Tam- 
worth breeds being represented. In addition, there were a number 
of grades and crossbreds, and some of mixed or unknown breeding. 
Effort was made in all cases to balance the sex factor by using equal 
numbers of barrows and sows. Type is a factor recognized as 
probably influencing variations in firmness, and, therefore, in these 
experiments uniformity in type among the pigs was sought and 
attained to a very great extent. With few exceptions the pigs used 
were of medium type. 


A. CORN WITH NONSOFTENING SUPPLEMENTS FOLLOWING PEANUTS 


Results from feeding corn with nonsoftening protein supplements 
for hardening purposes following peanuts were reported in detail 
in Department Bulletin 1407 (4). The results given were confined 
to those obtained from pigs weighing from 85 to 114 pounds, inclu- 
sive, when the peanut feeding was begun. Data from 97 animals 
were presented and discussed, and certain conclusions stated. It 
was pointed out that peanuts are decidedly softening and that corn 
with nonsoftening protein supplements fed after peanuts has a hard- 
ening influence, although the hardening progresses rather slowly. 
It was impossible to recommend. a practical method of producing 
strictly hard carcasses with pigs having the range of initial weights 
given above, when they have been fed peanuts for a period of about 
eight weeks. Excessive gains on the hardening ration, far beyond 
the practical point, had been required to produce even medium-hard 
carcasses. 

Further work along this line has furnished data from 15 additional 
hogs, fed at the Animal Husbandry Experiment Farm, which have 
been studied in conjunction with the 97 previously considered. ‘The 
added data have given no essentially different aspect to the question. 
It is possible now, however, to state more definitely the results which 
may be expected from this plan of feeding. The following con- 
clusion relating to this question was released after the 1925 con- 
ference of the cooperating agencies (7). 

Peanuts grazed or self-fed in dry lot with or without minerals to pigs start- 
ing at weights ranging from 85 to 115 pounds and making gains of approxi- 
mately 40 pounds or more on that feed through a period of approximately 
eight weeks will not produce firm carcasses at the usual market weight of 200 
to 225 pounds attained by subsequent feeding of corn with tankage after the 
peanuts. : 
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Results have shown, in fact, that gain on corn with tankage up to approxi- 
mately 120 pounds, this maximum being produced during a feeding period of 
approximately 16 weeks’ duration, following gains of 40 or more pounds on 
peanuts, usually will not produce hard or medium-hard hogs. As the gain on 
peanuts increases the subsequent gain on corn with tankage necessary to 
produce a certain degree of firmness likewise increases. 

The apparent deduction to be drawn from this conclusion is that 
although it is possible to produce medium-hard or hard hogs with. 
this plan of feeding, it is probably quite impractical to attempt it 
under the ordinary economic conditions. 


RESULTS FROM HEAVIER PIGS 


With the realization that initial weight is a factor of importance 
in producing variations in firmness, a study was made of results from 
hogs fed peanuts followed by corn with nonsoftening protein sup- 
plements, beginning at weights above 114 pounds. Data from 27 
hogs fed in one experiment each at the Georgia and South Carolina 
stations and in four experiments at the Animal Husbandry Experi- 
ment Farm were included in this study. The peanut-feeding period 
in all cases was about 8 weeks, while the hardening period varied 
from 4 to 24 weeks. 

With the exceptions of two hogs which were fed wheat middlings 
and one fed cottonseed meal as a replacement for tankage during the 
final 38-week period of an experiment, all the hogs received tank- 
age as the supplement to corn in the hardening ration. No note- 
worthy differences in firmness could be detected under the condi- 
tions of the experiments, and the results from the three hogs were 
summarized with those from the hogs fed tankage. The tankage in 
all cases and the wheat middlings to the two hogs reported were 
self-fed, free choice, with the corn. The cottonseed meal fed during 
the 3-week period in the one instance comprised one-third of a 
mixture with ground corn, the mixture being self-fed. 

Table 2 gives a summary of results from the 27 hogs included in 
this study. 


TABLE 2.—Average weights, gains, days on feed, gradings, and refractive indexes 
of back and leaf fats for 27 hogs fed peanuts followed by corn with non- 
softening supplments 


[Range of initial weights on peanuts, 115 to 142 pounds] 


Gain Days on feed Refractive index 


Number | Miial: |e || — | Binal Pe 


of hogs | weight weight : 
Peanuts} Corn |Peanuts| Corn welent vat ‘tat 


Pounds| Pounds) Pounds 
OA (Se eS ! 124.04 | 54.78 | 136.04 | 55.63 


Pounds| Pounds 
106. 52 | 314.86 | 307.37 | Medium soft____| 1.4603 | 1.4599 
1 


It is especially noteworthy that the pigs were heavy as feeders at 
the beginning of the peanut feeding, the range of initial weights 
being from 115 to 142 pounds, and the average initial weight about 
124 pounds. The average weight at the close of the peanut-feeding 
period was 178.82 pounds, which is a very good market weight in 

many sections of the country. In the study of hardening require- 
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ments, however, an additional increase in weight, averaging 136.04 
pounds, was made on the hardening ration. This was 2.48 times the 
gain previously made on peanuts. Despite this large gain on the 
hardening feed, resulting in excessive finished weight, the average 
committee grading was medium soft, with a corresponding refractive 
index of 1.4603. 

Figure 5 shows in graphic form the results from this group of 
hogs. 

The 27 hogs having a range of initial weights from 115 to 142 
pounds, inclusive, were divided into two major groups according to 
the gains made on peanuts, as follows: Group 1, 25 to 49 pounds, and 
Group 2, 50 to 74 pounds. The hogs in each group were then sub- 
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Fic. 5.—Hardening on corn with nonsoftening supplements following softening on 
peanuts. Initial weights of pigs, 115 to 142 pounds. Grade limits of refractive 
index which are shown apply only to the two curves which represent hardening. 
Those for softening on peanuts and for progressive hardening on corn with non- 
softening supplements are shown in Table 1 


grouped in 25-pound intervals, according to gains made on the 
hardening ration. Averages of the data by subgroups were deter- 
mined for charting purposes. The curves for the progressive harden- 
ing on corn with nonsoftening supplements and for the softening on 
peanuts are the same as shown in Department Bulletin 1407 (4, fig. 
10). Points on the latter curve representing 38 pounds’ gain and 62 
pounds’ gain on peanuts (the averages for the two major groups) 
were taken as starting points for the two curves representing harden- 
ing on corn after softening on peanuts. 

The influence of the difference in gain on peanuts is strikingly 
shown. At their closest approach the two curves which represent 
hardening are apart nearly 3.5 points in refractive index. The very 
slow hardening which occurred in both groups is, likewise, very 
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clearly illustrated. It is apparent that the hardening progressed 
much more slowly than the softening which preceded it. ‘This seems 
true particularly of the group which made an average gain of 62 
pounds on peanuts. The curve for the group which made an average 
gain of 38 pounds on peanuts may be somewhat misleading, however, 
as it is based on data from a smaller number of animals than the 
other. It is probable that with a larger number of hogs the curve 
would more nearly parallel the other. Neither of the curves makes 
a close approach to the base curve which represents the increasing 
firmness of hogs grown and fattened exclusively on corn with non- 
softening supplements. At the nearest point there is a difference of 
5.5 points in refractive index. 

It is apparent in comparing these results with those obtained from 
pigs having initial weights of from 85 to 114 pounds, inclusive, that 
it is fully as difficult to produce firm hogs from the heavier pigs 
as from the lighter. In fact, there is an indication that the harden- 
ing progresses more slowly in the heavier pigs, the gains on peanuts 
having been equal. Obviously, the deduction must be made that 
it is as impracticable, or probably more so, under the ordinary 
economic conditions, to attempt to produce hard or medium-hard 
hogs from the heavier pigs as from 85 to 114 pound pigs, when this 
plan of feeding is used. ‘These results strongly suggest that if a prac- 
tical plan of producing firm hogs under this system of feeding is to 
be developed it must make use of pigs weighing less than 85 pounds 
at the beginning of the peanut feeding. 


FEEDING RESULTS WITH CORN AND TANKAGE FOLLOWING PEANUTS 


Feeding results are available from one experiment in which corn 
was fed with tankage following peanuts to pigs having an average 
initial weight over 114 pounds. The pigs were fed at the Animal 
Husbandry Experiment Farm during the years 1924-25. 

The peanuts used in this experiment were low grade, shelled, or of 
the grade known commercially as “ pickouts” or “ shelling stock.” 
The composition is shown in Table 3. 


TABLE 3.—Composition of shelled peanuts 


Nitro- 
Crude : 
protein Fiber gen-free Fat 


extract 


Per cent | Per cent | Per cent | Per cent | Per cent | Per cent 
4.9 iy, 7 26. 3 2N5) 24.3 36. 3 


G 


The peanuts were self-fed, free choice, with mineral mixture® for 
56 days, when a hardening period of 24 weeks’ duration was begun. 
Shelled corn, tankage, and mineral mixture, self-fed, free choice, 
were used for the hardening purposes. Killings of 10, 9, and 10 hogs 
were made after 16, 20, and 24 weeks’ hardening, respectively, but in 
reporting results in Table 4 only a general average of data for all the 


5 Mineral mixture composed as follows: Charcoal, 75 pounds (3 bushels) ; raw phosphate 
rock, 3 pounds: common salt, 6 pounds; Glauber salt, 6 pounds; ground limestone, 6 
pounds ; flowers of sulphur, 3 pounds; and copperas (pulverized sulphate of iron), 1 pound, 
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hogs is given. Essential data pertaining to both the peanut-feeding 
period and the hardening period are given in Table 4. 


TABLE 4.—Results of feeding corn and tankage self-fed, free choice, in dry lot 
following peanuts self-fed in dry lot 


PEANUT-FEEDING PERIOD 


Number of pigs’ useds == ee AE eo ea es nee 30 
Average numberof days fed sit: £-  ee  e  e ee eee 56 
Average Initial. weight-c-2 <2 52.2 Sas sey ee eee ee pounds__ 116.16 
Average fava SWwerch fet o2 sk Pes Se ee a ee ee ee ee doe=_2 T6493 
Average) .Sain 28 2 ee Sete te Dytatip Remeron Spee beet oy > eee ee eee pa G0! 2) AGISC 
Average Gilly: avs ee eee RE SS a ee ye ee ee ee qos . 86 
Feed consumed per 100 pounds gair: 
Shelled’ *peanuts 4225) 2 es ee ee eee do2=— 5340598 
Mineral, miixbure= so 4 syed een pe eee eee epee oe ae dps 29.40: TT 
Tetalwteed l= Ss shia hs Bee eS ees 2 ee oi eee eee go. = 324. Fa 


Number of .pig¢s. uSedis= = 2). = ie fe nage eee ee OE EE eI See ee 30 
Average -pumber. of days fed = se a ee ee ee ee iiavls ery 
JAnvera ce vinitial “weight 28) tea eee Pe ee ee ee eee pounds__ 164.13 
Average final weights. =. 20 on ee dou == 347.60 
AVGTASS: all eee oe og es oe 2 ee ee eee beled el GO Og 
Average, daily: Sain... = fs) Use a es See a eae ee 2 eee dol 1.3 

Feed consumed per 100 pounds gain: 
Snelled- Corns = 25225 ea a ee ee do____ 457. 03 
Aber ak alee Rb Sean eee A Bie 8 Bed ee OE ee ee ee ee eee Oe Te 
Mineral mixture_____-~-_ sah ies Seed Guerre pe eee eee a eee dos 6. 09 
Potal feeds 22's 3s TiN SAL OS EE ROUEL Ce SS oe SEALED ek a ae do___. 483. 11 


The rate of gain during the peanut-feeding period was below 
normal, while the quantity of feed consumed per 100 pounds gain 
was somewhat high. The rather low quality of the peanuts fed prob- 
ably accounts for the subnormal showing. The rate of gain and the 
quantity of feed consumed per 100 pounds gain during the hardening 
period were practically normal, considering the high initial and final 
weights of the hogs. 


B. CORN WITH TANKAGE FOLLOWING SOY BEANS 


Incomplete results of hardening hogs on corn with tankage after 
softening on soy beans were reported in Department Bulletin 1407 
(4). It was shown conclusively, however, that pigs beginning on 
soy beans at weights of from 85 to 114 pounds, inclusive, and making 
equal gains on the softening and hardening rations, usually do not 
produce firm carcasses. Further work has yielded additional data, 
and broader conclusions may now be stated. 

The Mississippi station and the Animal Husbandry Experiment 
Farm fed*the hogs in the experiments reported here. Four tests, 
extending oyer a period from the fall of 1921 to the spring of 1925, 
were conducted by each institution. The softening period in the 
different experiments varied from 6 to 8 weeks, while the hardening 
period varied from about 4 to 12 weeks. The initial weights of the 
78 hogs included in the report ranged from 85 to 160 pounds, inclu- 
sive. For the purpose of more clearly presenting the results the 78 
hogs were divided into two major groups according to initial 
weights. The weight limits of these two groups were from 85 to 
114 pounds, inclusive, and from 115 to 160 pounds, inclusive, the 
former group containing 48 hogs and the latter 35 hogs. 
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SOFTNESS OF THE CARCASSES 
Table 5 gives a summary of data from these two groups of hogs. 


TABLE 5.—Average weights, gains, days on feed, gradings, and refractive indexes 
of back and leaf fats for 78 hogs fed soy beans followed by corn and tankage 


[Initial weight of hogs on soy beans, 85 to 160 pounds, in two groups] 


ye Gain Days on feed Refractive index 
Initial Slaugh- | 
INOUE g WeLe NU, cca sas ia ca Gslac ae ea | nal a Average grade 
GR ewe! Soy ae) Soy |G a. | ooo et weight Back | Leaf 
8 beans beans fat fat 
Pounds | Pounds | Pounds Pounds| Pounds 
1 nS eA, 101. 58 | . 28. 79 92. 88 lead 52. 30 | 223.25 | 211.00 | Medium soft____| 1. 4603 1. 4600 
Op ee Sates Be 130. 46 40. 71 | 107. 37 49. 60 NOE 725 || ftcn toes || AI CBy Ie (6 Co as pen ea 1. 4602 1. 4598 


In the case of the pigs with initial weights ranging from 85 to 114 
pounds the average gain on the hardening ration was 3.23 times that 
made on soy beans, while the heavier group gained on the hardening 
ration 2.64 times that made on the softening ration. The hardening 
periods averaged 52.30 days and 56.74 days, respectively, but in 
neither case were hard or even medium-hard hogs produced as an 
average. ‘The fact is clearly shown that excessive gains and time on 
corn with tankage as a hardening ration are required to overcome 
the softness caused by the exclusive feeding of soy beans to hogs of 
the sizes indicated. 

To show these results in graphic form each group of hogs was 
divided according to gains made on the softening ration and further 
divided with reference to gains made on the hardening ration. 
Figure 6 illustrates the results which were obtained with ‘the hogs 
having initial weights of from 85 to 114 pounds. The three sub- 
groups made average gains of 13, 36, and 54 pounds on soy beans. 
The subsequent hardening on the corn ration is clearly shown in 
each case. As with peanuts, however, the softening on soy beans 
evidently occurred more rapidly than the subsequent hardening on 
corn with nonsoftening supplement, in relation to the gains made 
on the two rations. Points A, B, and C represent gains of 26, 72, 
and 108 pounds on the hardening ration after gain of 13, 26, and 
54 pounds, respectively, on soy beans. The former figure is double 
the latter in each instance. All three points indicate deer ees of firm- 
ness which would class such hogs as soft or medium soft. This 
result is covered by a conclusion released by the cooperating agencies 
after the 1925 conference (7). The conclusion follows: 

Soy beans grazed alone or with minerals self-fed to pigs starting at weights 
ranging from 85 to 160 pounds and making at least a moderate rate of gain 
through a period of from six to eight weeks will not produce firm carcasses 
in the usual case, even though a subsequent gain in weight has been made by 
the pigs on corn with tankage double that previously made on soy beans. 

Figure 7 shows the results which have been obtained with the hogs 
having initial weights of 115 to 160 pounds, inclusive. The average 
gains on soy beans made by the three subgroups were 15, 38, and 61 
pounds. In each case the hardening influence of the corn ration is 
very clearly shown. ‘The hardening in all three subgroups, however, 
occurred more slowly than the softening on soy beans, in relation to 
the gains made on the two rations. It will be recalled that the same 
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was true of the hogs fed peanuts and of the 85 to 114 pound pigs 
on soy beans, both already reported in this bulletin. Points A, B, 
and C represent ¢ gains of 30, 76, and 122 pounds on corn with tank- 
age aiter gains of 15, 38, and 61 pounds, respectively, on the soften- 
ing ration. In other words, the gain on the hardening ration was 
double that on the softening ration in each instance. Each of the 
three points indicates a degree of firmness classing such hogs as 
medium soft, all three refractive indexes falling between 1.4601 and 
1.4605, inclusive. These results formed the basis of the conclusion 
just stated. Figure 7, however, also shows that gains on hardening 
feed much oreater than those indicated by points A, B, and C were 
insufficient to produce strictly hard hogs. 
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Fie. 6—Hardening on corn with tankage following softening on soy beans. Initial 
weights of pigs, 85 to 114 pounds 


FEEDING RESULTS WITH CORN AND TANKAGE FOLLOWING SOY BEANS 


Feeding results are available from the eight experiments in which 
corn was fed with tankage following soy beans to pigs having aver- 
age initial weights, in the different tests, of more than 84 pounds. 
As stated, the feeding was done at the Mississippi station and at the 
Animal Husbandry Experiment Farm, and covered the period from 
late in 1921 to early in 1925. The actual range of average initial 
weights in the eight experiments was from 88 to 144 pounds, inclu- 
sive. The average initial weight of the 122 hogs used was 109.61 
pounds. 

In the four experiments at the Mississippi station the Mammoth 
Yellow variety of soy beans was fed, while in the. four at the Belts- 
ville station the Virginia variety was used. In all cases the soy beans 
were “ hogged down,” beginning after the pods had begun to turn 
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brown. Mineral mixture ® was self-fed to a total of 20 hogs in the 
1923 and 1924 experiments at the Beltsville station, whereas the other 
102 hogs received no supplement while grazing the soy beans. The 
results from the 20 hogs do not justify separate or comparative pre- 
sentation, and they are included with the others in this summary. 
Mineral mixture ® was self-fed, free choice, with corn and tankage 
during the hardening period of all Beltsville experiments. In the 
Mississipp1 experiments mineral mixture was not used. The grazing 
periods in the experiments varied from 42 to 56 days in duration, 
while the hardening periods ranged from 26 to 85 days owing to the 
successive killings. A summary of the feeding results from these 
experiments by periods is given in Table 6. 
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Fie. 7.—Hardening on corn with tankage following softening on soy beans. Initial 
weights of pigs, 115 to 160 pounds 
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TABLE 6.—Results of feeding corn and tankage self-fed, free choice, in dry lot ~ 
following soy beans grazed 
SOY-BEAN GRAZING PERIOD 


JUS BREET Oy Ses EE SF ON AAS eS Y EY 0 Reg aN ag Sew lg a IN pe Is i ee aR es 122. 
PWV ETA CCE DE TO i: ays fed ie tes yy Ne hee Se Aa Ee ae sa 50. 14 
PAV ELAS Opel Tibia lula Cle Mee oo 28) Aa ea ea ae ee Pe ee as oe pounds__ 109. 61 
PAVE Ome ned le WiCT OE Gi se oe ee! RS ieee ha ee eS POT Se eae eed do____ 140. 68 
PSY CT: AUS Cpls AUT 0 AN AS eT eo yeh see Sonia ie IR eee et oe Le dos soln" 
Je SHEARER ERE = COPE 2th 2 TY il a ae Ae I, Fee eat EE ee cen oe aa es SAD dor = . 62 
CORN-AND-TANKAGE FEEDING PERIOD 

ANB EDEL OVEN CONE] GUN EPS as WAS 276 (aaa ad Se ne Ee ee 98 
ANSE TLS TUTTE OLS OTE 0 A SM Ko eee eee ne Rey Ce Ee ee ee a ee ee ee 52. 61 
SRA EIPD RS MATTIE ASI he a ene REET Ts eS i Oe ee eee ees eee pounds__ 140. 47 
PAWehaccrllitalmw ele i ti) Loot) le eae ee ee ee ee 2 ES 2 Se eS do____ 236.19 
STRIDES FS ot RS AES Re ee ae eee does Opa 
PCI P CaaS eLT ee ee eee eee do2= 22 eee 
Average feed consumed per 100 pounds gain: a eS 
Si eULe cds GU Tri ose ns ee ee Pet ee SE Si, PS Aa, BE SRA ER pounds__ 401. 02 
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6 See footnote 5. 
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The large number of hogs represented by Table 6 is worthy of 
particular “notice. The difference between the numbers ued in the 
two periods is explained by the fact that 24 hogs were slaughtered 
at the termination of the soy-bean grazing. 

The daily gain during the first period was rather low, although, 
in view of the lar ge number of hogs involved, it is probably a reliable 
average figure for the feeding employed, under conditions such as 
existed. It should be pointed out, however, that there was a wide 
variation in the rate of gain, from 0.17 pounds per hog per day in one 
Beltsville experiment to 1.21 pounds in one experiment at the Missis- 
sipp1 station. In fact, the gains on soy beans in the Mississippi 
experiments were consistently more rapid than in the Beltsville ex- 
periments. The probability of different varieties of soy beans or 
soy beans grown on different soils possessing different feeding values 
for hogs was pointed out in Department Bulletin 1407 (4). It is 
possible that the difference in feeding results in these experiments 
may be accounted for in this way. Further work must be done 
on this question. In one of the two Beltsville experiments in which 
mineral mixture was self-fed to one of the lots, considerably more 
rapid gain was made by the lot receiving minerals; in the other 
experiment the lot without minerals gained slightly more rapidly. 

The rate of gain during the average hardening period of 52.61 
days was very satisfactory. Likewise, the feed required to produce 
100 pounds gain during that period shows that the hogs utilized the 
feed to great advantage. Study of the figures from which Table 6 
was prepared shows that the 62 hogs which were fed minerals with 
the corn and tankage consumed 13.7 per cent less total feed (including 
minerals) per 100 pounds gain than the 36 others. 


C. CORN WITH TANKAGE FOLLOWING SOY BEANS SUPPLEMENTED WITH A 
MEDIUM RATION OF SHELLED CORN 


Results reported in Department Bulletin 1407 (4) showed the 
feed combination of soy beans, grazed or self-fed, with a medium (2 
to 2.5 per cent)‘ ration of shelled corn to have a softening effect. The 
combination had a distinct, softening influence on pigs with average 
initial weights of 70, 100, and, also, 130 pounds, in the 12 experi- 
ments reported. 

It was considered important to determine the requirements for 
liardening such soft hogs on corn with tankage, and the Mississippi 
and North Carolina stations, with the Animal Husbandry Experi- 
ment Farm, conducted the experiments furnishing the results in- 
cluded in this summary. Nine tests, involving 74 hogs with initial 
weights of 85 pounds and over, were performed during a period from 
late in 1921 to early in 1925. In four of these tests the hogs were 
fed by the Mississippi station, in one test by the North Carolina 
station, and in the others by the Beltsville station. Seven of the tests 
were continuations throughout the hardening period of experiments 


7A 2 to 2.5 per cent ration of shelled corn is 2 to 2.5 pounds of that feed per day for 
each 100 pounds live weight of hogs. In these investigations recalculation of the quantity 
of supplementary shelled corm was made on each weighing day of the hogs. In no case 
did the period elapsing between weighing days exceed two weeks. 
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partially reported in Department Bulletin 1407 (4). They were re- 
ported in part in that publication to show the influence of soy beans 
with a 2 to 2.5 per cent ration of shelled corn. In the two other 
tests, in which the hogs were fed by the Mississippi and Beltsville 
stations, beginning in the fall of 1924, three killings were made from 
each, after 4, 8, and 12 weeks on the hardening ration. The Mam- 
moth Yellow variety of soy beans was used in all the Mississippi 
station tests and in the North Carolina test, while at the Beltsville 
station the Virginia variety was used in all cases. The softening 
period in the different experiments varied from 6 to 8 weeks, while 
the hardening period varied from approximately 4 to 12 weeks. 

To make a clear presentation of the results the 74 hogs were 
divided into two groups according to initial weights. The initial 
weights varied from 85 to 114 pounds, inclusive, in one group, and 
from 115 to 176 pounds in the other. The lighter-weight group con- 
tained 31 hogs and the heavier-weight group 43 hogs. 


SOFTNESS OF THE CARCASSES 


The essential data from the lighter-weight group of hogs are sum- 
marized in Table 7. 


TABLE 7.—Average weights, gains, days on feed, gradings, and refractive indexes 
of back and leaf fats for 31 hogs fed corn with tankage following soy beans 
supplemented with a medium ration of shelled corn 


[Initial weight of hogs on soy beans with corn, 85 to 114 pounds, inclusive] 


Gain Days on feed Refractive index 
35. : Slaugh-| Grading (aver- 
paar aa Soy | Corn | Soy | Corn ee ter age and distri- 

8 8OU) beans | with | beans | with BNU | weight bution) 1 Back | Leaf 
with tank- | with | tank- fat fat 
corn age corn age 

Pounds| Pounds) Pounds Pounds| Pounds fe apearen 
ULE ese ee 99. 84 38. 84 84. 65 53. 29 46. 23 | 223. 33 | 212.90 | MS OuNME a neee 1. 4603 1. 4598 
| ATE ae 


1 The initial letters in this column=S, soft; MS, medium soft; M#H, medium hard; H, hard. 


The average initial weight of the 31 hogs in this group was 99.84 
pounds, or very close to the standard beginning weight of 100 pounds 
which was followed in connection with a majority of the experiments. 
Calculations show that the average daily gain on the softening ration 
was 0.73 pound, and on the hardening ration 1.83 pounds. The dif- 
ference of 10.43 pounds between the final weight and slaughter 
weight was due to a shrinkage in shipping and to the hogs having 
received their last feed 24 hours prior to slaughter. The average 
total gain on the softening ration was 38.84 pounds, the variation 
being from 20 to 63 pounds. The subsequent gain on corn with 
tankage averaged 84.65 pounds, with a range’ of from 26 to 171 
pounds. Although the gain was 2.18 times as much on the hardening 
as on the softening ration, the carcasses of the 31 hogs were graded 
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medium soft, as an average, and the refractive index of back fat was 
1.4603. 

To show these results in graphic form the group of hogs was 
divided and arranged in series according to gains made on the corn- 
tankage ration. Figure 8 illustrates the results. The curves for 
corn with nonsoftening supplements and soy beans with a medium 
ration of shelled corn were taken from Figure 14, Department Bul- 
letin 1407 (4). The curve representing the hardening on corn with 
tankage following the softening on the soy-beans-corn ration shows 
clearly the influence of the corn- -tankage ration. There was an unin- 
terrupted increase in firmness beginning at the point at which the 
hardening ration was first fed. It appears, however, that the harden- 
ing progressed more rapidly until a weight of about 200 pounds was 
attained than afterwards. This apparent behavior has been observed 
in connection with other lines of feeding and it is now believed that, 
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Fig. 8—Hardening on corn with tankage after softening on soy beans with a 
medium (from to 2.5 per cent) ration of shelled corn. Initial weights of 
_ pigs, 85 to 114 pounds 


in general, it is normal for the rate of hardening to decrease in rela- 
tion to the gain as the hog takes on weight and finish. 

Point A represents a gain of 39 pounds on the hardening ration 
after a similar gain, which was the average for the 31 hogs, on the 
soy-beans-corn ration. Reference to the evade limits indicated on 
the left side of Figure 8 shows clearly that at point A the hogs were 
still quite soft. 

The facts brought out above in Table 7, in Figure 8, and in the 
discussion furnished the basis for the following conclusion which 
was released after the 1925 conference (7): 

Soy beans grazed witha supplementary ration of 2.5 per cent of shelled corn 
with or without minerals self-fed to pigs starting at weights ranging from 85 
to 115 pounds and making gains of approximately 20 to 60 pounds through a 
period of from six to eight weeks will not produce firm carcasses in the usual 
case even though a subsequent gain in weight has been made by the pigs on corn 


with tankage equal to that previously made on the soy bean—2.5 per cent corn 
ration. 
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Strict interpretation of the data suggests that the hogs considered 
in the summary did not harden so rapidly as would be expected 
under usual conditions. This applies in particular to the hogs 
which gained relatively slowly on the softening ration. As a conse- 
quence of their slower rate of gain they made less total gain on the 
softening feed, yet a greater proportional gain on the hardening 
ration was required to reach any certain degree of firmness than 
with the other hogs. No definite reason, however, can be ascribed 
for the somewhat abnormal behavior. Regardless of such behavior, 
however, the statement above is regarded as conservative and de- 
pendable, with a margin of safety of practically 100 per cent allowed. 
In other words, referring again to the figures in Table 7, it is seen 
that the gain on corn with tankage was more than double the gain 
on the softening ration; yet the carcasses averaged medium soft in 
erading. Figure 8 also shows that a gain ratio of 1:2 (softening 
gain in relation to hardening gain) did not produce hard or medium- 
hard hogs. 


RESULTS FROM HEAVIER PIGS 


The average initial weight of the 43 heavier hogs as shown in 
Table 8 was approximately 30 pounds more than that of the 31 hogs 
just discussed. It is calculated from the figures for gains and days 
on feed that the average daily gain during the softening period was 
1.39 pounds and during the hardening period 1.81 pounds. The 
shrinkage of 17.37 pounds from final weight to slaughter weight 
seems excessive, but is largely accounted for by the fact that a ma- 
jority of the 48 hogs were subjected to a long shipment by express 
and were “empty,” to a considerable extent, when weighed just 
prior to slaughter. The range in gains on the softening ration was 
from 38 pounds to 94 pounds, with an average of 67.63 pounds. The 
subsequent gains on the corn-tankage ration varied from 34 pounds 
to 162 pounds, the average gain being 94.09 pounds. Thus, with a 
ratio of 1 to 1.4 for the average gain on the softening as compared 
with that on the hardening ration a carcass grading of medium hard 
and refractive index of the back fat of 1.4600 were obtained. 

As with the lighter pigs, the results obtained are shown graphi- 
cally in Figure 9 as well as in Table 8. 


TABLE 8.—Average weights, gains, days on feed, gradings, and refractive indexes 
of back and leaf fats for 43 hogs fed corn with tankage following soy beans 
supplemented with a medium ration of shelled corn 


[Initial weights, of hogs on soy beans with corn, 115 pounds and over] 


Gain Days on feed Refractive index 


Final Slaugh-| Grading (aver- 


Number | Initial ter | age and distri- 


Soy Corn Soy Corn 


of hogs | weight beans | with | beans | with weight weight bution) ! Back | Leaf 
with | tank- | with | tank- fat fat 
corn age corn age 
Pounds| Pounds| Pounds Pounds| Pounds a eae 
CS eae Bea) 128.35 | 67.63 | 94.09 | 48.51] 652 290.07 | 272.7 | MH Bawiste cals 4600 | 1.4594 
SASH 2a eee 


1 The initial letters in this column=S, soft; MS, medium soft; MH, medium hard; H, hard. 
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The curves for corn with nonsoftening supplements and soy beans 
with a medium ration of shelled corn in Figure 9 were taken from 
Figure 14, in Department Bulletin 1407 (4). The hardening which 
occurred subsequently to the soitening on the soy-beans-corn ration 
is clearly shown in the chart. A continuous and fairly steady in- 
crease in firmness is indicated by the curve representing the harden- 
ing. A decline of about 10 points in refractive index, from approxi- 
mately 1.4609 to 1.4599, is shown. The latter point was reached at 
a weight of approximately 320 pounds. The hardening appears to 
have proceeded somewhat more rapidly during the early part of the 
period than during the latter part. 

Point A in Figure 9 represents a gain on corn and tankage of 
1.5 times that previously made on the soy-beans-corn ration. It falls 
well within the hmits of the medium-hard grade, with a refractive 
index of about 1.4600. 
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Fie. 9.—Hardening on corn with tankage after softening on soy beans with a 
medium (from 2 to 2.5 per cent) ration of shelled corn. Initial weights of 
pigs, 115 to 176 pounds 


The results from the 43 hogs as brought out in Table 8, in Figure 9, 
and in the discussion provided the basis for another of the 1925 con- 
clusions (7) released after the conference of that year. The conclu- 
sion follows: 

Soy beans grazed with a supplementary ration of 2.5 per cent of shelled corn 
with or without minerals self-fed to pigs starting at weights of 115 pounds 
and over and making gains of approximately 40 to 90 pounds through a period 
of from six to eight weeks will produce firm carcasses in the usual case pro- 
vided a subsequent gain in weight is made on corn with tankage 1.5 times that 
previously made on the soy-bean—2.5 per cent corn ration. 

This statement, like the preceding one, is very conservative. The 
data suggest, in fact, that gain on the hardening ration equal to that 
made on the softening ration may be depended on to produce firm 
hogs. ‘This, however, is not offered as a conclusion, but to point out 
the approximate margin of safety allowed in the statement. 
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FEEDING RESULTS FROM SOY BEANS WITH MEDIUM (2 TO 2.5 PER CENT)* RATION 
OF SHELLED CORN FOLLOWED BY CORN WITH TANKAGE 


Feeding results are available from the nine experiments in which 
corn was fed with a supplement of tankage following soy beans sup- 
plemented with a medium ration of shelled corn to pigs having aver- 
age initial weights in the different tests of more than 84 pounds. 
These are the same experiments summarized under the preceding 
section on firmness of carcasses. The actual range of average initial 
weights in the nine experiments was from 88 pounds to 141 pounds, 
inclusive, while the average weight for all 1384 hogs at the beginning 
of the experiments was 110 84 pounds. 

As stated, the Mammoth Yellow variety of soy beans was used 
in the Mississippi and North Carolina tests, and the Virginia vari- 
ety in those conducted at the Beltsville station. The beans were 
hogged down in all cases, the experiments beginning after the bean 
pods had begun to turn brown. The pigs in all lots were weighed 
periodically, and using these weights as bases the amounts of shelled 
corn to be fed per day were calculated. Weighings of the pigs and 
recalculations of feed were always made as frequently as every 
two weeks and in some cases more frequently. By this method of 
calculation the shelled corn fed to the hogs averaged somewhat less 
than 2.5 per cent of their weight. Mineral mixture® was self-fed 
during the soy-bean-grazing period to a total of 20 hogs, or to half 
of the animals in the 1923 and 1924 tests at Beltsville. One hundred 
and fourteen of the hogs had no mineral supplement with the soy 
beans and corn. While there is some indication that the minerals 
were fed with advantage in the two Beltsville experiments, the 
results do not seem to justify separate presentation, and are included 
with the others in this summary. Only in the Beltsville experi- 
ments were minerals self-fed with the corn and tankage during the 
finishing or hardening period. 

A summary of the feeding results from the nine experiments by 
periods is given in Table 9. 


TABLE 9—Results of feeding soy beans grazed supplemented with a medium 
(2-2.5 per cent) ration of shelled corn, followed by corn and tankage, self-fed, 
free choice in dry lot 

SOY-BEAN GRAZING PERIOD 


HDC O SE USCC 1 2 Uky tebe Re teks See A A ae eee 134 
ACR DA CuminRIN CT Oly C2 VS LOC = mes gat El ha a ee a ee ee 50. 52 
eee Meme Tule te WV eRe i bee oe ea aes ee ee ese oe oe pounds__ 110. 84 
JAN RETERERN” SETS IS Ss Kd 0 Fea a Ee IO eo Fp ie ee ee dos] 162434 
NOYES TED ROM Ore NIT ila ne ae ns aera ig ee ee SW dose ORDO 
AWeraccud ail vacalniee rears os ee eee 2 we eee eee eee See ee dol=== 1eOZ 
Feed consumed per 100 pounds gain (exclusive of soy beans) : Shelled corn__do____ 325. 29 
Average percentage of shelled corn (based on weight of pigs) consunted daily_do____ Zot 
CORN-AND-TANKAGE FEEDING PERIOD 
RN GETA TROT OS TIS CCN See, een ei oe ee mee Sy Poa en Sy Ro ee oe 98 
end Seen eiy GLO ayS ted. tee te tee eer Sa BREN GE i ee ae se 52. 32 
ANCES TNT TET A Tee pee oo ee EE Ne ee ee eee pounds__ 159. 96 
Ament CCR Velo lt.. 02 21. eee re eee eS ee dot 2227 2525,01 
PRS ETE (EASY TT gg es 1 eS TES ES Se = BES oe ee eee eee Pa me aes eee does o2" 65 
INVERT Res Ta el a rr eee Se oS See a ae en dose a LSE 
Feed consumed per 100 pounds gain: 
Shetietle COT eset oe oe tS a Arran es ee peer 2 eee ws ee ee do____ 407. 24 
My NT Ea ap at a a ee re eee dos) 2AGi 
Mineral mixture (based on results from 56 hogs) ------~------------ doz = 7. 61 
FD TE | cea ares Te NE Ss 2 oe Se ee ee ee 442. 52 


8 See footnote 7. ® See footnote 5. 
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Thirty-six of the hogs were slaughtered at the close of the soy-bean- 
grazing period. This explains the difference between 134 and 98, the 
numbers of hogs fed in the two periods. The average rate of gain 
during the first period was only moderate, while the variation in 
the different lots was from 0.47 pound to 1.87 pounds, inclusive. In. 
the two Beltsville experiments in which comparative lots were fed with 
and without minerals the rates of gain of the former were 1.25 pounds 
and 0.53 pound as compared with 0.55 and 0.47 pounds, respectively, 
of the latter. It is believed that the difference between 1.25 pounds 
and 0.55 pound in the first experiment is much greater than should be 
expected under average conditions. The amount of shelled corn con- 
sumed per unit of gain during the grazing period was rather high. 
To summarize, it is evident that the soy beans consumed by the hogs 
had a value, as an average, of approximately 100 pounds of grain 
for each 100 pounds of gain made, since 425 to 450 pounds of concen- 
trated feed are usually required to produce that gain in hogs of the 
size used in these experiments. 

During the finishing period on corn with tankage the 98 hogs 
gained rapidly. The total feed consumed per unit of gain was 
normal. The 56 hogs which were fed minerals with the corn and 
tankage consumed 17.01 per cent less total feed (including minerals) 
for each 100 pounds gain than the 42 others. 


RESULTS WITH 25 TO 85 POUND PIGS 


In view of the recognized importance of initial weight as a factor 
in influencing variations in firmness, additional experiments were 
conducted under this system of feeding, utilizing pigs having a range 
of initial weights from 25 to 85 pounds. Three experiments were 
conducted during a period from August, 1923, to January, 1926. The 
South Carolina station fed the hogs in all three of these tests. 
Complete data are available on 29 hogs. 

It was the plan in these experiments to hand feed 2 pounds of 
shelled corn per day per 100 pounds live weight of hogs, as supple- 
mentary to the mature soy beans which were grazed. The pigs 
were weighed at 14-day intervals during the tests and the amount 
of shelled corn to feed recalculated each weighing day on the basis 
of these weights. The average percentages of shelled corn (based on 
the weights of the animals) consumed daily in the three experiments 
were 1.64, 1.88, and 1.85, respectively, with a general average per- 
centage of 1.8. Haberlandt, Mammoth Yellow, and Biloxi varieties 
of soy beans were grazed in succession in the first experiment, Mafn- 
moth Yellow and Biloxi in the second, and Haberlandt 38 (Herman) 
and Mammoth Yellow in the third. The grazing period was 71 
days in the first test and 56 days in each of the others. Shelled 
corn and tankage were self-fed, free choice, in dry lot during the 
finishing or hardening period of all the experiments. The hardening 
period was of 84 days’ duration in both the first and third experi- 
ments and 81 days in the second. Mineral-mixture supplement com- 
posed of charcoal 12 parts, ground limestone 4 parts, and common 
salt 1 part, by weight, was self-fed throughout all tests. 

Killings of representative animals were made after approximately 
four and eight weeks’ hardening and at the close of the period. 
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Weights of pigs used.—The actual range of starting weights of the 
29 pigs was from 24 to 62 pounds, inclusive, with an average initial 
weight of 37.14 pounds. 

Firmness of carcasses—The 29 hogs made gains on soy beans with 
supplements of from 38 to 69 pounds, inclusive, and gains on the 
hardening ration of from 47 to 168 pounds, inclusive. The hogs 
were divided into groups according to the gains made on the. corn 
and tankage ration, as follows: Group 2, 0 to 49 pounds ; Group 3, 
50 to 99 pounds; Group 4, 100 to 149 pounds; Group 5, 150 pounds 
and over, Group 1 being an average for all 29 hogs. The weights, 
gains, days fed, committee oradings, and refractive indexes of back 
and leaf fats were aver aged for each group and the results are shown 
in Table 10. 


TABLE 10.—Average weights, gains, feeding periods, gradings, and refractive 
indexes of back and leaf fats of 29 hogs fed corn with tankage following soy 
beans supplemented with a medium (1.8 per cent) ration of shelled corn, and 
by groups, according to increasing gains on the hardening ration 


Gain on— Days on feed Refractive index 
= Grading Se | eee 
Number of hogs and ae Slaugh- 
gain on corn and souernee Eee Soy Corn Soy Corn ter , 
tankage tribution) 8 beans | with | beans | with | weight} Back Leaf 
with tank- | with tank- fat fat 
corn age corn age 
Pounds | Pounds | Pounds Pounds 
Ace 
All hogs (29)_.--------- si ME| 37.14 | 53.79 | 96.34] 62.21 | 57.45 | 173.00 | 1.4602] 1.4595 
eee 
Gain, 0 to 49 pounds, 
on corn and tankage 
Q)62 eee ee Si(2S)e— a 36.50 | 44.00] 47.50] 56.00] 28.00 | 115.50 | 1.4610 | 1.4596 
Gain, 50 to 99 pounds, 
on corn and tankage 4MH_-_ 
1G) |e Be, See A a ae MS46 ee 38.33 | 57.20] 76.73 | 64.00 | 44.27 | 157.47 | 1.4604 | 1.4597 
Gain,100to149pounds,| 
on corn and tankage lis eee 
(9) Ree ee ee MH 3 Me 34.00 | 51.78.| 118.67 | 62.67 | 77.11 | 190.55 | 1.4599 | 1.4592 
5 MS_-- 
Gain, 150 pounds and 
over, on corn and 
tankage (3) _.._---._- 18° (6189) se 41.00 49.30 | 160.00 56. 00 | 84.00 | 236.30 | 1.4599 1, 4591 


1 The initial letters in this column=S, soft; MS, medium soft; MH, medium hard; H, hard. 


The average carcass grading and refractive index of back fat 
for the 29 hogs were medium soft and 1.4602, respectively. In 
other words, neither the hard nor medium-hard degree of firmness 
was reached by these hogs, as an average, although a gain of 96.34 
pounds on corn and tankage followed the gain of 53.79 pounds on 
the soy-beans-corn ration. Refer ring to Groups 2, 3, 4, and 5 in the 
table it is seen that with increasing gains on corn and tankage 
there was increasing firmness in the carcasses. In Group 2, where 
practically equal gains were made during the softening and hard- 
ening periods, the average carcass orading was soft, with a refrac- 
tive index of 1.4610. Group 3 oained 76.73 pounds on corn and 
tankage following 57.2 pounds on the softening ration, making a gain 
ratio of 1:1.34. There was a distinct improvement over the preced- 
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ing group, the average carcass grading being medium soft, with 
1.4604 as the refractive index of back fat. 

In Group 4, where a gain of 118.67 pounds was made on the 
hardening ration after 51.78 pounds gain on the soy-beans-corn 
ration, the average carcass grading was medium hard. The average 
grading, however, was barely over the line separating the medium 
soft and medium-hard grades. The average refractive index of 
back fat fell to 1.4599. All three hogs in Group 5, which made 
average gains of 49.3 pounds and 160 pounds on the softening and 
hardening rations, respectively, were graded as hard by the com- 
mittee, while their average refractive index of back fat was 1.4599. 

It is apparent that a gain on corn with tankage well over 100 
pounds is necessary to produce medium-hard or hard hogs under 
conditions such as existed in these experiments. With the gain of 
118.67 pounds made by Group 4 the medium-hard degree of firmness 
was just reached. These results substantiate one of the conclu- 
sions released by the cooperating agencies in July, 1926 (8), as 
follows: 

Soy beans grazed with a supplementary ration of 1.5 to 2.5 per cent of 
shelled corn and with minerals self-fed to ‘pigs starting at weights ranging 
from 25 to 85 pounds and making gains of approximately 40 to 75 pounds 
through a period of from 8 to 10 weeks produce, in the usual case, carcasses 


of a satisfactory degree of firmness when a subsequent gain in weight of 125 
pounds or more has been made by the pigs on corn with tankage. 


FEEDING RESULTS WITH 25 TO 85 POUND PIGS FED CORN WITH TANKAGH FOLLOWING 
SOY BEANS GRAZED SUPPLEMENTED BY A MEDIUM RATION OF SHELLED CORN 


Feeding results are available from the three experiments presented 
in the preceding section on firmness and in which the pigs were fed 
by the South Carolina station. The pigs were fed as described in the 
preceding section and were turned on the soy beans as the beans 
reached the dough stage and the leaves began to turn brown. 

Fifteen pigs were used in each of the three tests. The average 
initial weights of the pigs were 36.27, 59.69, and 35.8 pounds in the 
1923-24, 1924-25, and 1925-26 experiments, respectively, while the 
general average beginning weight was 43.92 pounds. The ages of 
the animals ranged from 10 to 20 weeks when the experiments began. 

A summary of the feeding results from both the soy-bean grazing 
periods and finishing periods of the three tests is given in Table 11. 


TABLE 11.—Results of feeding corn with tankage following soy beans grazed 
supplemented by a medium (2 per cent) ration of shelled corn hand fed 


SOY-BEAN GRAZING PERIOD 


Numberiof pigs sed: 2a 2 2 2 eS ee 45 
Average numberof: days Beds Sei oe ee eat a ee 61. 00 
Averares anitiall iw eligi tes ls eee A en ee pounds__ 43.92 
Average. final). wele it — ee Se pe es do-_-— L0S15s8 
Average aim 155.) 22 eb Se Ee a SS bh a ee ee do.) Seis 


Average: daily. gain. 22% 2 2 A a i ee ee eee dos2zs 1. 01 


Feed consumed per 100 pounds gain: 
Shelled! corms 2 satan 2s 2 ae i ee eS do. =p lay 
Mineral smixtur ei 22 of ok SS re ee doses eieass 


otal GEC a eae ee ee ee ate do_ == 14354 
Average percentage of shelled corn (based on weight of pigs) consumed daily__- 1. 80 


RESULTS OF SOFT-PORK INVESTIGATIONS, II 29 


TABLE 11.—Results of feeding corn with tankage following soy beans grazed 
supplemented by a medium (2 per cent) ration of shelled corn hand fed—Con, 


CORN-AND-TANKAGE FEEDING PERIOD 


IAG roa eves Mop an Or eASUAE RTeY § Le es SE Leer a ne ee ee ee ee ee ee pen 
JANG: TANTO CBS Wel a ee ee ee eee 54. 00 
Average PTV CLA WETS Gee See ee Ee ee eee pounds__ 105.58 
Average final weight__-—-______________-___~____-—_____—--_--_~-—_-- dos=== ISN 60 
AVeL ASE. 1S aI See eee ice wp a oe doz =) 93508 
PAGERS. GENT eas Be A ee ee eee ee dons ay 

Feed consumed per 100 pounds gain: 
SH TEN ISG 10 CLO ean a RE Rs ee ee ee a Oe pe ey aE aS do__-_ 406. 85 
TURN TY RE eyes se a ca ne ae So eS Re ee CMLL S= ails OS} 
Viera gan UTe yt So 2 es eee ee Se ee ee eee eee Gon s= 4. 20 
POA net Cedis= = ese Rae ee eee ee Se done ser £49070 


1 Mineral mixture composed of: Charcoal, 12 parts; ground limestone, 4 parts; common 
salt, 1 part. 

The average daily gain of 1.01 pounds during the soy-bean graz- 
ing period must be regarded as very satisfactory, expecially when 
consideration is given to the small size of the pigs at the beginning 
of the tests. The feed consumed per 100 pounds gain, in addi- 
tion to the soy beans grazed, commands particular attention. As 
an average 143.14 pounds of feed, exclusive of soy beans, were con; 
sumed by the pigs in making 100 pounds of gain. Since 400 or 
more pounds of grain or concentrated feed are usually required to 
produce 100 pounds of gain in dry lot, it is obvious that the bean 
crops grazed in these experiments had an average value equal to 
about 250 pounds of grain for each 100 pounds of gain made. 
These results indicate that this is a very satisfactory method of 
feeding growing pigs and of utilizing soy beans as a hog feed. 

During the finishing period these pigs also made a very satisfactory 
rate of gain. The feed consumed per 100 pounds gain during this 
period was approximately normal for pigs of their size. 


D. SOY BEANS WITH CORN IN DEFINITE PROPORTION 


With the marked increase in the production and feeding of soy 
beans in the United States conditions sometimes arise under which 
the farmer considers it desirable to feed them as the protein supple- 
ment to corn in dry lot or on pasture. The softening influence of 
the soy beans can not be disregarded, however, and ‘the feeder is 
confronted with the question as to the proportion in which they 
can be fed without producing soft hogs. This question was deemed 
of sufficient importance to receive full consideration in these investi- 
gations.. 

The Indiana station and the Animal Husbandry Experiment Farm 
conducted the tests reported below. The work was begun in 1924 and 
phases of it are still incomplete. The plan for the first series of ex- 
periments provided for study of the influence of mixtures of ground 
corn and ground soy beans in proportions of 12:1, 9:1, 6:1, and 3:1 
when fed in dry lot for fattening purposes. The Indiana station 
has completed four experiments and the Animal Husbandry Ex- 
periment Farm one experiment in this series. In the former cases 
the Manchu variety of soy beans was used and in the latter case 
the Virginia variety. In all five experiments the mixture of ground 
corn and ground soy beans in each lot was self-fed, free choice, with 
mineral mixture and pressed block salt. The mineral mixture was 
composed of wood ashes, 10 pounds; 16 per cent acid phosphate, 10 
pounds; and common salt, 1 pound. 
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Results considered as conclusive have been obtained from the lots 
fed the 3:1 combination of corn and soy beans. The results from this 
combination only are reported in this bulletin. Further work is to 
be done with the 12:1, 9:1, and 6:1 mixtures before the results are 
published. 


COMPOSITION OF THE FEEDS 


Table 12 shows the composition of the soy beans used in the differ- 
ent experiments, together with the average composition of the beans 
used. For comparison is given the average composition of soy beans 
as reported by Henry and Morrison (5). The average analysis of 
No. 2 dent corn as reported by them is shown also. It is believed 
that this represents satisfactorily the average of the corn fed in the 
five experiments. 


TABLE 12.—Composition of soy beans and corn 


: Nitrogen- 
onde Fiber free Fat 
Pp extract 


Feed Water Ash 


Per cent | Per cent | Per cent | Per cent | Per cent | Per cent 
38.7 27. 4 


Soy-bean seed (first Indiana experiment) __ 4.5 16.8 
Soy-bean seed (second Indiana experi- 

SET 1 bs) eee hee = eae ae see ess RES EW 5.8 55D 32. 4 5.4 321 18.8 
Soy-bean seed (third Indiana experiment) __ 5. 8 a5 32. 4 5.4 394, i 18. 8 
Soy-bean seed (fourth Indiana experiment)_ 5.8 Dao 32.4 5.4 B21. 18.8 
Soy-bean seed (Beltsville experiment) ____- 9.9 4.4 37.8 Ke 25.2 US 

IRS tT nag peg 6.7 5.5 34.7 | 5.2 29.8 18.1 
Average, soy-bean seed (§) _________- 9.9 53 36.5 4.3 26.5 yas 
Average, No. 2 dent corn (5)-__---____ 14.8 1.4 9.6 | 1.9 67. 6 4.8 


WEIGHTS OF PIGS USED 


Complete data are available on 46 hogs fed the 3:1 mixture of the 
two feeds. The range of average initia] weights in the five experi- 
ments was from 64 pounds to 132 pounds, while that of the individual 
initial weights was from 49 to 146 pounds. The average beginning 
weight for the 46 pigs was 106.13 pounds. 


SOFTNESS OF CARCASSES 


A total of 12 representative or check pigs were slaughtered and 
studied at the beginning of four of the experiments considered in 
this group. Owing to an insufficient number of animals available 
it was not practicable to slaughter checks in the other case. The 12 
pigs had an average slaughter weight of 102.92 pounds and their 
average refractive index of back fat was 1.4604. It is believed that 
the condition of these 12 pigs, as indicated by this refractive-index 
value, was representative of the initial condition of the pigs which 
were fed experimentally. 

Check or control lots were self-fed a mixture of ground corn 12 
parts and tankage 1 part with the mineral mixture mentioned above 
for comparison with the soy-bean lots in all five experiments. To 
show in general the comparative results of feeding the corn-soy-bean 
and corn-tankage mixtures Table 13 is given, 


- 
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TABLE 13.—Average weights, gains, feeding periods, gradings, and refractive 
indexes of back and leaf fats of 46 hogs self-fed a mixture of ground corn 3 
parts and ground soy beans 1 part, and of 44 hogs self-fed a mixture of ground 
corn 12 parts and tankage 1 part, both rations including mineral supplements 


° Refractive index 
: Weight 
Num- Grading . Initial Gain Days | Daily t= Se 


Ration ber of | (average and 


hogs |distribution)!| Weight fed | ea a | Sliaueh | Back || Leaf 
2 fat fat 
Pounds| Pounds Pounds Pounds 

Corn, soy beans, and BUS ee ea 

THINMGE ALS Se See ee es 46 | S<9MS_-___- 106. 13 | 110. 89 82. 20 1.35 | 203. 22 | 1. 4614 1. 4604 
Bu B Tes 
Corn, tankage, and Wea etapa Fe 

minerals aseses es 44/0 NTE ne 107. 52 | 134.95 | 76.89 1.76 | 227.75 | 1.4594 | 1.4587 
ato] Ble 


1 The initial letters in this column=S, soft; MS, medium soft; MH, medium hard; H, hard. 


While the average initial weights of the hogs fed the corn-soy-bean 
and corn-tankage rations were 106.13 and 107.52 pounds, respectively, 
the ranges of individual starting weights were from 49 to 146 pounds 
and from 53 to 155 pounds. With average gains of 110.89 and 134.95 
pounds the individual gains varied from 55 to 164 pounds on the 
corn-soy-bean ration and from 63 to 201 pounds on the corn-tankage 
ration. 

Table 13 shows that all except 3 of the 46 hogs fed soy beans with 
corn were graded soft or medium soft by the committee, the 3 bein 
classed as medium hard. The refractive indexes of back fat of these 
3 hogs, however, were 1.4611, 1.4609, and 1.4608. With an average 
refractive index of 1.4614 for the 46 hogs there was a variation of 
from 1.4603 to 1.4626. On the other hand, all except 4 of the 44 
hogs fed tankage with corn were graded hard or medium hard, 3 of 
the 4 being classed as medium soft and the other hog as soft. The 
refractive indexes of back fat of the 3 medium-soft hogs were 1.4601, 
1.4599, and 1.4599, and that of the soft hog was 1.4599. The varia- 
tion in refractive indexes of back fat of the 44 hogs was from 1.4589 
to 1.4601, the average being 1.4594. 

These facts in reference to the influence on firmness of the corn- 
soy-bean (3:1) combination of feeds formed the basis for one of the 
conclusions which were released by the cooperating agencies in July, 
1926 (8), as follows: 


Soy beans fed as a supplement to corn in dry lot in the ratio of 1 pound of 
soy beans to 8 pounds of shelled corn to pigs ranging up to 130 pounds in start- 
ing weights will not produce firm carcasses in the usual case when the hogs are 
slaughtered after a gain of approximately 100 pounds or more has been made 
on the corn-soy-bean ration. 


It is of interest that there was a difference, as indicated above, of 
10 points in refractive index between the 12 check pigs and the 46 
hogs finished on the corn-soy-bean ration. The rise of from 1.4604 
to 1.4614 shows that a distinct softening influence was exerted by the 
3:1 combination of feeds. On the other hand, the fall of from 1.4604 
to 1.4594 with the 44 hogs fed the corn-tankage (12:1) ration shows 
plainly that a hardening occurred. In other words, starting at the 
same point (1.4604) there was a rise of 10 points in the one case 
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and a fall of 10 points in the other, resulting in the wide difference 
of 20 points at the termination of the experiment. 

The average composition of the mixtures of corn and soy beans fed 
in these experiments is worthy of consideration. This is caleulated 
from the composition figures given in Table 12 and is shown below in 
Table 14. 


TABLE 14.—Calculated average composition of mixtures of ground. corn 3 parts 
and ground soy beans 1 part fed in 5 experiments at the Indiana station and 
the Animal Husbandry Experiment Farm 


Nitrogen- 
Water Ash ae Fiber free Fat 
Pp extract 


Per cent | Per cent | Per cent | Per cent | Per cent | Per cent 
met 2e8 2.4 15.9 PTI 58. 1 SeE Sel 


The fat content and the nature of the fat of any feed or feed 
combination are recognized as the principal factors controlling soft- 
ness or firmness in the hog. Attention is directed especially, there- 
fore, to the average fat content of these mixtures as shown in the 
table. About 44 per cent of the fat in the mixture was corn fat and 
56 per cent soy-bean fat. Both fats are softening in nature. While 
8.1 per cent of softening fat in a ration does not seem high, yet its 
influence under the conditions which existed in these experiments has 
been clearly shown. 


FEEDING RESULTS WITH MIXTURE OF GROUND CORN, THREE PARTS, AND GROUND SOY 
BEANS, ONE PART 


Complete feeding results are available from the five experiments 
included in the preceding summary on the degree of firmness found 
in the carcasses. As stated, the hogs in four experiments were fed 
by the Indiana station and those in the other experiment by the de- 
partment station at Beltsville, Md. Im all cases the mixture of 
ground corn, three parts, and ground soy beans, one part, by weight, 
was self-fed, free choice, with the mineral mixture and pressed block 
salt in dry lot. The Manchu variety of soy beans was used in the 
Indiana tests and the Virginia variety at Beltsville. The five experi- 
ments covered a period of about 20 months, from November, 1924, to 
June, 1926. 

The variation in average initial weights of the pigs used in the 
several experiments was from 64 to 132 pounds, with an average start- 
ing weight of 105.50 pounds for all 48 pigs fed. Table 15 summarizes 
the feeding results of these experiments. 
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TABLE 15.—Results of feeding ground corn, three parts, and ground soy beans, 
one part, mixed, self-fed, free choice, with mineral mixture and pressed block 
salt, in dry lot 


[Five experiments, four at the Indiana station and one at Beltsville] 


Item Indiana Beltsville} Average 
PXpPeLiMent MUMPCL= <2 2 -- = eae oe 1 2 3 4 (S| ener 
INtaberiof pigs used22e ss. 5a 10 10 8 10 10 9.6 
Average number of days fed___-----__-___- 80 105 70 62 98 83 
Average initial weight ---_---_--- pounds__| 122.50 64. 30 131. 63 118. 90 95. 40 105. 50 
Average final weight_____---.---__-- doe si) 5231750 191. 90 233. 50 220. 80 211. 60 217. 21 
PAV CLAP CLAN re eee ete ee ees GO| IY 127. 60 101. 87 101. 90 116. 20 Tu Al 
Acverage' daily gaim._-__ _--_L--_-_=- dol 1. 36 1, 22 1. 46 1. 64 1.19 1.34 
Average feed consumed per 100 pounds 
gain: 
Ground: comis-222 S222. pS pounds__ 366. 61 318. 02 355. 34 354. 86 317. 56 340. 47 
Ground! soy, beanss22-e-—-- =e Ones 122520 105. 96 118. 40 118. 25 105. 85 113. 47 
NEmeralmxGure wats ss dos22= 4. 50 8. 13 1.78 2. 85 5. 59 4. 87 
(A DYGY rel xa pea a eames eee ae does 493. 31 432. 11 475. 52 475. 96 429 458. 81 


1 Includes pressed block salf. 


The average initial weights in experiments 2 and 5 were lower than 
in the others. While the average daily gains were also lower, the feed 
utilization was considerably better in these experiments than in the 
others. More economical use of feed is commonly expected, of 
course, with younger hogs than with older ones, and the results 
obtained here probably can be accounted for in this way. 

The general average of 458.81 pounds of feed consumed per 100 
pounds gain is a figure which must be regarded as very satisfactory. 
It indicates clearly that ground soy beans fed under conditions such 
as prevailed in these experiments constitute a valuable protein sup- 
plement to corn for use in fattening well-grown pigs. 


E. RICE BRAN WITH TANKAGE 


Rice bran is one of the several by-products of rice milling which 
are used extensively in certain sections of the country as hog feeds. 
Results obtained at the Arkansas (7), Texas (9), and California (6) 
stations have shown that rice bran when fed as the basal feed pro- 
duces soft carcasses. In the present investigations experiments were 
conducted to determine the degree of softness which develops on rice 
bran as compared to other softening feeds. 


NATURS OF THE FEED 


The average composition of the rice bran used in the experiments 
and, for comparison, that of rice polish, are given in Table 16. 


TABLE 16.—Composition of rice bran and rice polish* 


Nitro- 
Feed Water Ash nee Fiber | gen-free Fat 
extract 


Per cent | Per cent | Per cent | Per cent | Per cent | Per cent 
iced kami ate RE ee eek ees 6.8 ie vA 12.9 13. 6 39. 3 1327 
FEC emblem oe Se i ee 10.3 6.3 11.9 1.9 Deo 1D 


1 From Bureau of Chemistry, United States Department of Agriculture. 
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The composition of the rice bran here shown is very similar to the 
averages given in tables of feeding standards. Rice bran as com- 
pared - to rice polish has a decidedly higher ash and fiber content and 
usually a slightly higher protein and fat content. Rice oil becomes 
rancid very readily, ‘and when this occurs it makes the feeds some- 
what distasteful to animals. In addition, rice bran when it contains 
excessive amounts of rice hulls is not a desirable hog feed. The ad- 
mixture of rice hulls is usually indicated by the high fiber content. 
Excellent feeding results have been obtained in many instances by the 
use of good-quality rice bran just as was the case with rice polish. 
It has been observ ed, however, in the present investigations, and is 
amply substantiated by previous tests at the experiment stations, that 
the results on rice bran as shown by the gains and general thriftiness 
of the hogs are usually inferior to those on rice polish. Both feeds 
require a ‘protein supplement for best results. 

Variations in the oil content of different consignments of the same 
feed probably cause wider differences in the softness of the hogs than 
does the average difference between rice bran and rice polish. 


THE EXPERIMENTS - 


Results from a total of 32 hogs fed rice bran as the basal feed have 
been summarized. In the four experiments presented, rice bran and 
tankage were self-fed, free choice. In one test in which the hogs 
were fed for 112 days by the Iberia Livestock Experiment Farm the 
hogs had access to a mineral mixture and received a daily allowance 
of 5 pounds of skim milk per hog. In another test of 56 days’ dura- 
tion at the same station the same method of feeding was followed 
except that the allowance of skim milk was reduced to 3.14 pounds. 
The Arkansas station fed hogs for 56 days in dry lot, supplementing 
the rice bran and tankage with a mineral mixture. At the Missis- 
sippi station the feeding period was 56 days and the hogs grazed on 
rye pasture. No mineral mixture was fed. The average initial 
weight of the 32 hogs was 77.25 pounds. The actual range of weights 
was from 43 pounds to 97 pounds, inclusive. 


SOFTNESS OF THE CARCASSES 


The softening effect of rice bran is shown in Table 17. Data on 
the four experiments are given, with the general averages for all the 
hogs. The wide range in the firmness of check pigs killed at the 
beginning of three of the experiments was largely attributable to 
differences in the rations fed previous to the experimental feeding 
period. The pigs in both Iberia farm lots received brewers’ rice and 
skim milk as the principal components of their preexperiment rations. 
As indicated by the results on check pigs from the 1925 lot, this 
resulted in the formation of firm body fat at a stage of growth when 
pigs raised on the more common ration of corn and tankage have 
soft fat. The results given in the table strongly suggest that the 
firmness of the fat before the feeding of rice bran affected the degree 
of softness developed on this feed. Thus, with a range from hard to 
soft in the condition of the pigs at the start of the experiments, there 
resulted at the close of the experimental period a comparable range 
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from moderately soft to extremely soft. In all cases definite softening 
was produced by the feeding of rice bran. 


TABLE 17.—Average weights, gains, days fed, gradings, and refractive index of 
fats on 32 hogs fed rice bran and tankage 


| Missis- 


° aozarl SPAT KANSAS: : on : General average 
Item sipp 1925 Iberia, 1925 Iberia, 1924 and summary 

INGE Den On HOPSS2 26 2 Se ee 9 6 a 10 32 
Initial weight ---__-___--- pounds-- 70. 4 82.8 | = 74.1 82. 2 77. 25 
Check pigs: 

Average grading 1_____________- N) Ss 15 EA Saas eee eee [oe ee ee 

Refractive index (back fat) ---- 1, 4612 1. 4599 E4580) [ae ee [eo ee 
Fat content of rice bran__per cent -_- 14 IFO2 1BS>. 10. 4 13.7 
pes content of rice bran_-_do_--- 11.2 16. 2 11 16 13.6 

ain: 

Minimum: 2¢so 250 59 pounds_- 15 9 48 95 29 

Max gs 2 eae does: 65 43 71 116 3116 

IANVOFAPG St 4 tate tecs PE 5 doz 43 25. 7 61 107 63. 69 
INumpberof.days fed 2s = 5 56 56 112 73. 50 
Average daily gain______- pounds_- ote . 46 1.09 . 96 . 87 
Slaughter weight____________ doz 101.3 98 123.3 165. 6 125.7 
Grading: ! 

ARV CRAM bed Sere AP hie Eee aes Ss Ss S Ss S 

Distribution =. 2a Be 9S 6S 10, 5S, 1MS 10, 58S, 4MS 20, 25S, 5MS 
Refractive index at 40° C.: 

IBACK fabeests se. eres ee 1. 4617 1, 4612 1. 4607 1. 4603 1. 4610 

1 SIGN IS EN Beas saesg ed een peste cath 1, 4609 | 1. 4607 1. 4603 1. 4599 1. 4605 


1 The initial letters=O, oily; S, soft; MMS, medium soft; H, hard. 
2 Actual minimum. 
3 Actual maximum. 


Another factor which probably contributed to the spread in the 
degree of softness of the various lots is illustrated by the two Iberia 
farm lots. The second lot was on experiment twice as long and 

gained nearly twice as much as the first lot. The grades and re- 

ractive-index values indicate that the second lot averaged the firmer 

of the two. It has been noted (4, p. 47, 60) that rice polish with 
tankage and peanut meal in combination with corn (1 to 2 mixture) 
cause the development of a maximum softness which is followed by a 
gradual hardening as the hogs approach maturity. Since rice bran 
is so nearly like rice polish in composition, the behavior just out- 
lined is probably true also of the rice bran, but without much ques- 
tion would show up more definitely were the hogs in the other lots 
more comparable. As the results stand, the Mississippi station lot 
shows the maximum softness, with a gain of 43 pounds. The wide 
differences in softness at the start of the experimental feeding periods 
has probably accentuated the rise and fall in degree of softness 
associated with the gain. With the Iberia farm lots as a basis, it 
appears reasonably certain that a rise and later decline in softness 
does occur with increase in gain. 

The average on the 32 hogs fed rice bran given in Table 17 are 
thought to be representative of results likely ‘to be obtained under 
average conditions. The degree of softness at the start of the feed- 
ing period will influence the softness attained as will also the gain. 
The refractive index of 1.4610 on the back fat confirms the committee 
grading of soft. The refractive index is one point higher than ob- 
tained on 69 hogs fed rice polish (4, p. 45). 

The conclusion has therefore been drawn (1) that “Rice bran 
and tankage self-fed free choice on rye pasture or in dry lot and 
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with or without a supplement of 5 pounds or less of skim milk per 
animal daily to pigs starting at weights under 100 pounds and 
making gains up to 100 pounds through a feeding period of from 
8 to 16 weeks produce soft carcasses.” 


FEEDING RESULTS FROM RICE BRAN WITH TANKAGE 


Feeding results are available from six experiments in which rice 
bran was fed with tankage and minerals with and without addi- 
tional supplements. In 2 tests the hogs were fed by the Arkansas 
station, in 1 by the Mississippy station, and in 3 by the Iberia Live- 
stock Experiment Farm, La. The work covered the period from 
1923 to 1926, inclusive. All of the 133 hogs used in the experiments 
were self-fed on rice bran, tankage, and mineral mixture by the 
free-choice method. In the Mississippi station experiment the hogs 
grazed on green-rye pasture. No record of mineral consumption was 
kept in that test. In one Iberia farm experiment the hogs grazed on 
green-eat pasture and received a daily allowance of 3.14 pounds of 
skim milk per animal. The other 4 lots, 2 at the Iberia farm and 
2 at the Arkansas station, were fed in dry lot. As in the Iberia 
farm experiment referred to, however, skim milk was fed as an addi- 
tional supplement in the latter two tests at that station. In one 
case 5 pounds and in the other 3.14 pounds was the average daily 
allowance. 

The variation in average initial weights of the pigs in the several 
experiments was from 71.26 pounds to 94.18 pounds, inclusive. The 
average initial weight of the 133 pigs was 84.14 pounds. 

The feeding results from the six experiments are summarized in 
Table 18. 


TABLE 18.—Resulis of feeding rice bran with tankage to hogs in dry lot and on 


pasture 
Self-fed, free choice, on - - 
green oat or rye pas- Oe ee in 
Item ture y 
Mississippi} Iberia Arkansas Iberia 

INuimber ohexperimentguss. pe 22 2. is een eda lee eed 1 1 2 2 
INTMIDEr Ol DIGS S sas ee eh eee sala eo See a Rea: 24 16 44 49 
Average initial weleht= = 2 este eee pounds_-_ 71. 26 80. 50 76. 45 91. 70 
INSU END a HON OVS MOO NAS UO Be ee ee 52. 33 56 56 67. 43 
iAverace finalwiels hiss: saaeee ee te ee ee pounds_- 116. 25 141 102. 78 156. 73 
APTCTASO PORE Pee io ek BS ee ie aa doz=: 44, 99 60. 50 26. 33 65. 03 
AVETALC GC aThy Calin tt ee Oye ae See eee ee See eee doz . 86 1.08 47 . 96 

Feed consumed per 100 pounds gain: 
ESIC ORD AME! oe eee Boia eeu keeper 1 doe 384. 63 420. 97 603. 94 520. 96 
FIAT OV es 3 Sa hes eae ee calpain a@o.—2 24. 91 14. 25 55. 70 21. 81 
(Mineral mixture: sso spree se ees eee dons 110 8. 57 2. 41 13. 87 
Skamimilksces es Se Te eee meee Goer e als. eee 290) 50822 eee 390. 96 
Motaleteed=>:-= o:- 72k Se ek See dom 1419, 54 734. 29 662. 05 947. 60 

Total on grain basis (estimating 6 pounds skim 

milk as equal to 1 pound grain) _______ pounds_- 1 419. 54 492, 21 662. 05 621. 80 


1 Estimated. 


The hogs are shown in four groups. The differences in the feeding 
of these groups have already been indicated. Each group on pasture 
gained at a more rapid rate than the corresponding group in dry lot. 
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Of the two lots on pasture the one receiving milk gained more 
rapidly, and the same was true of those fed in dry lot. With the 
exception of the Iberia farm group fed on pasture the rates of gain 
were under 1 pound a day. The mineral mixture consumed per 100 
pounds gain in the Mississippi experiment was estimated at 10 
pounds. It is obvious that the feed consumption per unit of gain in 
the Mississippi station experiment, as well as in the Iberia farm test 
on pasture, was considerably less than in the two in dry lot. Ap- 
proximately from 25 to 30 per cent less grain feed per unit of gain 
was consumed by the 40 hogs on pasture than by the 93 hogs in dry 
lot. In all cases, however, the feed consumption was high in rela- 
tion to the gain made by the hogs. This fact considered in connec- 
tion with the generally low rates of gain suggests that the value of 
rice bran as a fattening feed for hogs is below the standard of 
first-class feeds. 


F. RICE BRAN WITH TANKAGE FOLLOWED BY CORN WITH TANKAGE 


The problem of hardening hogs fed on rice bran is comparable in 
most respects to that on rice polish. The experiments throughout the 
work with rice bran have paralleled those with rice polish and the 
results with respect to firmness are very similar. The initial weights 
of the hogs on which results are presented range from 50 to 114 
pounds. The eight-week feeding period on rice bran was followed 
by eight weeks on corn or brewers’ rice. As shown in the feeding 
outline of the experiments, a number of supplements were used with 
these feeds. 

HARDENING RESULTS FROM CORN WITH SUPPLEMENTS 


A total of 44 hogs were fed in 5 experiments on rations of rice 
bran, tankage, and minerals for 8 weeks, followed by corn, tankage, 
and minerals for 8 weeks, with the exception of 3 hogs in the Missis- 
sippl experiment which were fed in 5 and 11 week periods, respec- 
tively. Further feeding details for the several experiments are as 
follows: 

Arkansas, 1925, self-fed, free choice, dry lot. 

Arkansas, 1926, self-fed, free choice, dry lot. 

Iberia, 1925, self-fed, free choice, on oat pasture and given a daily supple- 
mental feed of 3.14 pounds of skim milk per animal. 

Iberia, 1926, self-fed, free choice, dry lot, and given a daily supplemental 
feed of 3.14 pounds of skim milk per animal. 

Mississippi, 1924, seif-fed, free choice, on rye pasture. 

The data on weights, gains, and firmness are give in Table 19. As 
in the experiments on the effects of rice bran shown in Table 17, the 
hogs in the Iberia farm experiments, which received brewers’ rice 
before the experimental period, had a rather firm fat at the start of 
the softening period. The average gains on rice bran were higher 
than in other lots, and those on corn were of only average amount, 
yet the hogs were among the firmest of all the experiments. The 
gains on rice bran were usually lower than on rice polish. Further 
discussion on the feeding value of rice bran is given on page 34. The 
difference in the firmness of the hogs in the two Arkansas station 
experiments may be attributed to a considerable degree to the differ- 
ence in oil content of the rice bran. In the 1925 experiment the oil 
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content was 17.2 per cent, while in 1926 it was 11.7 per cent. In the 
first case the carcasses graded an average of medium soft and in the 
second medium hard. In comparison of the two experiments it 
should be noted, however, that the gain on hardening feed in the 
1926 experiment was larger, but at the same time the hogs were 
softer at the beginning of the experiment. 


TABLE 19.—Average weights, gains, gradings, and refractive indexes of fat of 
44 hogs fed rice bran with supplements followed by corn with supplements 


| | [ 
: Missis- | General aver- 
Item Arkansas, | Theria, 1926 ATkansas, | Theria, 1925 | sippi, age and 
1924 summary 
WWumber of hogs__-_------ 9 | 13 8 6 8 44 
Initial weight__pounds_-_ 84.1 84.9 74.8 78. 5 65. 5 78. 50 
Check pigs: 
Grading 2s MS MS S H Ss MS 
Refractive index 
(backjfat)e = 1. 4600 1, 4592 1. 4612 1. 4589 1. 4609 1, 4600 
Fat percentage of rice 
BAN ee ee eee 17, 2 13.7 i 7/ 13S 2, 14.0 14.0 
Gain, rice-bran period: ; 
Minimum-pounds_- 19 43 13 46 12 212 
Maximum__-__do___- 41 59 40 72 | 73 373 
Average... -=_- doz==2 31.0 MIE 3) PAT AL 61.2 43.3 42. 27 
Gain, corn period: 
Minimum_pounds_- 72 | 72 88 90 7 27 
Maximum____do____ 123 119 145 103 136 3 145 
Average---__- do ss2 99. 8 104. 5 119.0 95.0 118.1 107. 34 
Ratio of gains: 
Softening to harden- 
eG Oe eee 3. 23 2. 02 4.76 1. 56 2. 60 2. 54 
Average daily gain— 
Rice-bran pe- 
riod__pounds-- 0. 55 0. 93 0. 45 1.09 0. 90 0.75 
Corn period__do_-__- 1.78 1. 88 2a? 1. 70 1. 85 1. 92 
Slaughter weight__do-___- 204. 2 226. 5 208. 0 220. 2 214.9 215. 00 
Grading: ! 
IAN CT AGC Se) Se a MS MS MH MH H MH 
Distribution --_____ 18,4MS |8MS,4MH}]} 15S,2MS |1MS,2MH 8H 28S, 15MS 
3MH,1H 1 4MH,1H ial 2 03 ey ee ces tS 13 MH, 14 H 
Refractive index at 
40° C.: 
IBacksataese ee = 1. 4600 1. 4596 1, 4595 1. 4595 1, 4597 1. 4596 


iheaisiate sete senses 1. 4592 | 1. 4592 1. 4590 1. 4591 1, 4591 1. 4591 


1 The initial letters=S, soft; IMS, medium soft; MH, medium hard; H, hard. 
2 Actual minimum, 
3 Actual maximum, 


It is apparent that increasing ratios between gains in the softening 
and hardening periods do not always indicate increasing firmness. 
It usually does in cases of equal gains on softening feeds, but with 
greater gain on rice bran the decrease in softness following the early 
rise causes a shifting in the gain ratio necessary to get a certain 
degree of firmness. 

The distribution of grades in certain of the lots indicates the uncer- 
tainty of obtaining satisfactorily firm hogs with the feeding plan 
used in this work. The average figures on the 44 hogs show that 
a gain, on corn, of 2.5 times that on rice bran produced an average 
grading of medium hard. However, the general distribution of 
grades between medium soft, medium hard, and hard, together with 
the distribution among the individual experiments, indicates the gen- 
erally unsatisfactory results obtained. A total of 31 out of the 44 hogs 
gained 385 pounds or over on rice bran, or an average of 51 pounds. 
The gain on corn was 107 pounds, which is somewhat more than twice 
that on rice bran. The gradings show 19 hard and medium-hard and 
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12 medium-soft and soft carcasses, a distribution almost identical 
with the results on the entirenumber. The results indicate that a more 
extended feeding period on corn will be necessary to get more nearly 
uniform production of hard and medium-hard carcasses, when pigs 
with initial weights of approximately 80 pounds are fed eight weeks 
on rice bran. 


FEEDING RESULTS FROM RICE BRAN WITH TANKAGE FOLLOWED BY CORN WITH TANKAGE 


Feeding results from the hardening period on corn with tankage and 
other supplements have been summarized for the five experiments 
just discussed under the subject of hardening results. The feeding 
results from the rice-bran period of. these same experiments were 
given in Table 18. 

The results as shown in Table 20 cover a total of 51 hogs. This 
includes a number of animals not reported in the summary of harden- 


‘Ing results because their initial weights were outside the range of 


50 to 114 pounds. The gains during | the 56-day feeding period - were 
all very satisfactory, and in most cases in marked contrast with those 
made during the preceding period on the rice-bran ration. Likewise, 
the feed consumption per 100 pounds of gain showed very satisfactory 

utilization. There was no consistent difference between the pasture 
and dry-lot experiments in the gains or feed utilization. These 
results indicate that the rice bran had no lasting ill effects on the 
rate of growth and the feed requirements, especially in view of the 
great improvement noted in the dry-lot ee, when changed to the 
corn ration. 


TABLE 20.—Resulis from feeding corn with tankage following rice bran with 
tankage, in dry lot and on pasture 


Self-fed, free choice, on 


green-oat or rye pas- Self-fed, free choice, in 


dry lot 
e 
Item ae 
Mississippi Iberia Arkansas Iberia 
INGOIDerOhMexperiments= = 2220! 6 2s oe a te se 1 1 2 1 
INGE DERSORSD IDG eee eet nen as or te ee 5 8 19 19 
Average initial weight_____...________________- pounds__ 124. 40 140. 63 102. 63 148. 37 
ARVCL Are: tid alawelg hte oo 9 Pe Aa ace ees! doz. 229. 00 234. 50 211. 27 253. 21 
PASVCLARCL Pali miaaaein mre a Fee oe ee do 104. 60 93. 87 108. 64 104. 84 
Average number. days fed____-.__--____.--_____-- days_-_ 56. 00 56. 00 56. 00 56. 00 
INVeCRAPe Gallyngalitamiirs dete sewn ee pounds__ 1. 87 1. 68 1. 94 188 
Feed consumed per 100 pounds gain: 

Sill ean ee Bee ee ee ee ee dozs= 430. 21 379. 76 382. 48 451. 51 
NIUE cs RS ep a ee ee oe Oe ae doe2 = 10. 13 5. 33 20. 27 9. 44 
Mineralsnixture iq. <2. \ son) 2. boc dos 15.00 7. 06 . 56 5. 62 
SUTST OTS Le cos ted de le SEO ol oat pee ee GY ee Neon ee 187, 48] nately Te 167. 67 
Motaleicedes: 34") 22 sho see se me do- 445, 34 579. 63 403. 31 634. 24 

Total on grain basis (6 pounds skim milk per se 
POUNd, oraAin). POUNGS. se 445. 34 423. 40 403. 31 494. 52 


1 Estimated. 


G. RICE POLISH WITH NONSOFTENING SUPPLEMENTS, FOLLOWED BY CORN AND 
BREWERS’ RICE WITH NONSOFTENING SUPPLEMENTS 


Results from the feeding of rice polish with tankage and additional 
supplements, which were ‘Teported in Department Bulletin 1407 (4) 
showed that this ration produced soft carcasses when pigs were 
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begun on experiment at weights between 35 and 125 pounds and 
made gains of 30 pounds or more in from 8 to 15 weeks. This sec- 
tion deals with the hardening of pigs which have become soft on 
rice polish. Experiments have been conducted with two basal, hard- 
ening feeds, namely, corn and brewers’ rice. 

The pigs used in these experiments averaged about 70 pounds at 
the start; those included in this summary ranged in weight from 
50 to 114 pounds. They were fed eight weeks on the rice-polish ra- 
tion and then for an additional eight weeks on the hardening ration. 
By this system, pigs of a marketable weight somewhat above 200 
pounds were usually produced. 


HARDENING RESULTS FROM CORN WITH PROTEIN SUPPLEMENTS 


The results of the feeding systems in which corn with protein and 
mineral supplements has followed a softening feed, such as peanuts 
or soy beans, have shown that the hogs became firmer as the gain on: 
the corn ration increased. It has been extremely difficult, however, 
to obtain carcasses with a good degree of firmness in any reasonable 
length of time. Since rice polish is not so softening as peanuts or 
soy beans, the difficulties in hardening pigs fed rice polish with the 
subsequent feeding of corn should be materially lessened. 

All the experiments discussed in this section were confined to the 
plan of using equal feeding periods of eight weeks each on. softening 
(rice polish) and hardening (corn) feeds. The hogs in these experi- 
ments were fed by the Iberia Livestock Experiment Farm, and the 
Arkansas, the Mississippi, and the Coastal Plain stations. 

The basal softening ration was composed of rice polish, tankage, 
and minerals and the basal hardening ration of corn, tankage, and 
minerals. The rations were self-fed, free choice. Further details of 
the feeding plans follow. 

Arkansas, 1925, both periods dry lot for 56 days each. 

Arkansas, 1926, both periods dry lot for 56 days each. 

Coastal Plain, 1925, both periods dry lot for 56 days each; fish meal used in 
place of tankage. 

Iberia, 1924, both periods on oat pasture for 56 days each. 

Iberia, 1926, both periods for 56 days each on oat pasture; additional daily 
supplement of 3.14 pounds of skim milk per animal. 

Mississippi, 1924, both periods on rye pasture for 56 days, with exception of 
one pig on softening feed 35 days and hardening feed 77 days.. 

Table 21 gives the results relative to the growth and firmness of 
the carcasses of the hogs from the six experiments included in this 
section. The range of initial weights was limited to 50 to 114 pounds, | 
inclusive. In certain lots this necessitated the omission of one or 
more hogs with initial weights outside this range. ‘The lots are 
arranged in the table by grades from soft to hard and within grades 
according to refractive-index averages on back fat. The total num- 
ber of hogs was 75, the general averages of which are included in 
the table, 
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TABLE 21.—Average weights, gains, gradings, and refractive indexes of fats of 
7d hogs fed rice polish and supplements followed by corn and supplements 


Ta Coastal Arkansas, Iberia, Arkansas, 
Plain, 1925 1925 1926 1926 
INTHIN DOr OfO S50 etre se errr ee 28 20 8 
Imifialiweicht st en eae Zee pounds__ 69. 5 81.4 68.8 |. 73.9 
Check pigs: 
(Grr CURL Se OR ise ie ee en MS MS MS S 
Refractive index of back fat________________ 1. 4603 1. 4600 1. 4592 1. 4612 
ee content of rice polish_____________ per cent__ 15.8 12S Gf eee a ee 13.6 
ain: 
Rice-polish period— x 
VENT NT e os EE pounds__ 33 17 40 19 
INVEST OE oe ee es do-2 78 85 63 51 
FASV CTA PO me eee eee eee dose" 55.6 51.5 55. 8 31.9 
Corn period— 
VET es ee See aS doles: 45 61 65 82 
1S ai eae feo Segoe es ei pee eS ee doves 118 119 115 126 
TS CYA Cte eae So as Sees TS dou 86. 9 94.3 88. 5 107.4 
Ratio of gains: Rice polish to corn, 1 to________ 1. 55 1. 83 1.57 3. 34 
Average daily gain: 
Rice-polish period ___-______-____- pounds__ 1.00 0. 93 1.00 0. 57 
CormMcri0ds Sst ss2 free et do== 1.55 1.68 1.57 1.91 
Slauchtorneweievie 2 Se ee ie ee dokss 201.0 211.9 196.5 203. 8 
Grading 1 
PAVVORAD Cie, aes bth eee AO ete. Bes S MS MS MS 
PVISURIDU GIO Me ee ne en ee a 27S,1 MSs 28,3 MS | 18,12 MS 18,6 MS 
3MH| 6MH,1H 1H 
Refractive index at 40° C.: 
IBBCKtAb Ae see eee 2 Ae ESSE 1. 4602 1. 4601 1. 4598 1. 4596 
I B72 NE i Fe Se ee a ee ane Ue Oey Os Pega ae 1. 4593 1. 4595 1. 4591 1. 4592 
Mississippi, | _ Iberia General aver- 
Item eins 1924’ age and 
summary 
INtPaTDeCRiO MNO gsi at aoe ae Se RPC ge ae ee 6 a) 75 
LAGU EP UE SUL DY Fela eee ek ear pe  g e  Ae  r pounds__ 70:3 75.8 71. 45 
Check pigs: 
EAGT OGL tig Cet so eee ee Ee BeOS os a FUR Ss MS MS 
erative iMiGex OL PACK Abs Stak ee ae 1. 4609 1. 4601 1. 4603 
Hat content: ofnice;polisia: 255i) sage eg eS e ae per cent__ 14.0 LDEAS| Fas SRS ES 
Gain: 
Rice-polish period— 
A reaybaa lost ka eee. Ses oe ee we ae poles Bere eee pounds__ 15 56 215 
AVECORATIV BIT essere es comcast ee ay ele tage Se doe 86 75 3 86 
PACT APC I Sey cae sei Bis ELT ee eR LR eee dors: 48.0 65.6 51. 87 
Corn period— 
IM BECO VOTRO Da ice Rea Whee ee peg ee ee erm dos=ss 68 90 2 45 
IW) PSST W ATIVE Of Rac 2 eee etree Seale eelea BERS ete ies, Prams. Sa dos. =. 148 108 3 148 
IAMCEAUO wens een ee teen ee eee dos 109.3 95.6 92. 70 
Ratio of gains: Rice polish to corn, 1 to__-__-_-_-_-___---_-_._ 2. 27 1.45 | 1.79 
Average daily gain: 
EICe-pPOhShGperiod-4 3 ee) Saat ee a Pe pounds __ 0. 86 1.18 0. 93 
CF OHIO IIOT Alea ae Se do=s= 1.95 1.93 | 1.65 
SiREChLer Wolf ee ae nese See he Ae done 221.0 230. 2 | 204. 80 
Grading: ! 
Le SH (STPE RE ah SSI ae a NEO ee le! H MS 
DIST Di biO meen eet 5b a es 2MH,4H 5H | 318,22 MS 
11 MH, 11 H 
Refractive index at 40° C.: 
TSSEUC) SR Ree I ES ee ees OO, eS we ee ee 1. 4598 1. 4597 1. 4599 
SPA et ate ee a ee OS Se 1. 4595 1. 4592 1. 4592 


1 The initial letters=S, soft; MS, medium soft; MH, medium hard; H, hard. 


2 Actual minimum. 
3 Actual maximum. 


The grading and refractive index of back fat of the check pigs 
which were killed as representative of each lot of hogs at the begin- 
ning of the experimental period show some noteworthy variations. 
The refractive index, which in this case may be more indicative of 
the condition of the fat than the grading, shows extremes of 1.4592 


and 1.4612, or a range of from hard to very soft. 


This difference 


was caused by the use of different rations previous to the experimen- 
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tal feeding. In the case of the Iberia farm lot, the basal feed was 
brewers’ rice. Such variations in initial firmness as here shown are 
considered as contributing factors to the divergent final results be- 
tween the various lots. 

The wide range of minimum and maximum gains within certain 
lots probably also contributed to the wideness of the distribution of 
grades. This is particularly noticeable in the Arkansas station ex- 
periment of 1925. The one experiment (Iberia, 1924) in which all 
hogs were graded the same shows a relatively narrow range in gains. 
It was stated in Department Bulletin 1407 (4) that after passing a 
certain weight or degree of finish there is a tendency for hogs fed 
rice polish to acquire gradually a lower degree of softness. The 
maximum softness for hogs begun at approximately 70 pounds is 
reached with a gain of about 40 pounds. It therefore appears that 
at the close of the rice-polish period the Arkansas station lot of 
1926 was softer than the Iberia, 1924, lot which had begun to harden 
at the time the feed was changed. This fact, together with the’ 
initial firmness, materially aided the development of firmness in the 
iberia hogs, even though the gain ratio (1:1.45) was relatively nar- 
row. The rice polish used in the Coastal Plain station experiment 
had a fat content of 15.8 per cent as compared with values ranging 
from 12.4 to 14 per cent in the other experiments. This high fat 
content probably developed a softer carcass during the softening 
period than in the Arkansas, 1925, and Iberia, 1926, lots even though 
the gains were comparable. The average gain on hardening feed was 
cnly 1.55 times that on softening feed, so as a result the Coastal 
Plain lot was the softest of all lots at slaughter. 

Considering that factors of initial firmness, gains, and gain ratios 
are generally in line with the usual grade averages and refractive- 
index values, it appears that the gradings on the Mississippi, 1924, 
and Iberia, 1924, lots were somewhat firmer than justified. These two 
lots were graded at the same time, and it is entirely possible that 
some unknown factor was responsible for this seemingly abnormal 
grading. 

The general average on the total of 75 hogs shows that the aver- 
age gain during the rice-polish period was 51.87 pounds and during 
the corn period was 92.70 pounds, which is a ratio of 1:1.79. The 
periods were of approximately equal length, namely, eight weeks. 
The refractive index average on the back fat was 1.4599, which is 
within the medium-soft grade hmits for hogs fed rice polish. The 
grading shows that 53 out of 75 were graded medium soft or soft. 
The variations between lots were such as largely to compensate each 
other in the averaging of results on all hogs. One factor which 
possibly should not be overlooked in the application of these results 
to practical feeding practice is the range in fat content of rice polish. 
The average fat content of this feed, as given by the Bureau of Chem- 
istry, is 9.7 per cent as compared to 9.1 per cent by Henry and Morri- 
son (5). These figures are decidedly lower than for any of the rice 
polish used in the present investigations. When rice polish of low 
oil content is used it is probable that less softening will develop. 

These results have been summarized in the following conclu- 
sion (7): 
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Rice polish and tankage self-fed free choice on oat or rye pasture or in dry 
lot to pigs starting at weights under 100 pounds and making gains of 35 pounds 
or more through a period of from five to eight weeks will not produce firm 
carcasses in the usual case even though a subsequent gain in weight has been 
made by the pigs on corn with tankage equal to that previously made on the 
rice polish ration. 

After the release of the above-quoted statement additional experi- 
ments were completed. With the availability of the additional results 
and for the purpose of a more accurate summarizing statement of 
the results just presented it is believed that the initial-weight limits 
should be specified as 50 and 114 pounds and the feeding period as 
approximately eight weeks. 


HARDENING RESULTS FROM BREWERS’ RICE WITH PROTEIN SUPPLEMENTS 


As described in Department Bulletin 1407 (4) brewers’ rice is 
another of the by-products of rice milling, but unlike rice polish and 
rice bran it is extremely low in fat. It is an excellent hog feed and 
has been shown to produce much firmer fat than that produced by 
corn. It is at once apparent that it should be a very suitable 
hardening feed for use subsequently to a softening feed. 

Experiments on the use of brewers’ rice following the feeding of 
rice polish have paralleled those. on corn just described. In all 
experiments tankage and minerals were fed with rice polish during 
the softening period and with brewers’ rice during the hardening 
period. These feeds were self-fed, free choice. Further details of 
the feeding plans of the several experiments follow: 

Arkansas, 1925, both periods in dry lot for 56 days each. 

Arkansas, 1926, both periods in dry lot for 56 days each. 

Iberia, 1923, both periods on oat pasture for 56 days each; additional daily 
supplement of 3.14 pounds of skim milk per animal. 

Iberia, 1924, same as Iberia, 1923. 

Iberia, 1926, both periods in dry lot for 56 days each; additional daily sup- 
plement of 3.14 pounds of skim milk per animal. 

The results of these experiments are given in Table 22. In many 
respects variations in initial firmness and in gains are comparable to 
those discussed in connection with Table 21. The fat content of the 
rice polish used in four of the lots fell within the range of from 12.4 
to 14 per cent. There was an extremely wide range in the firmness 
of the hogs at the start of the softening period. The Iberia farm 
pigs in 1923 and 1926 received brewers’ rice as the basal feed prior 
to the experiment, and consequently the check pigs show a very 
low refractive index. In the 1923 experiment data on 10 hogs 
killed at the close of the rice-polish period showed an average grade 
of medium soft and a refractive index of 1.4604. This indicates that 
less softening developed in these hogs than usually results under more 
average conditions. Besides the greater initial firmness, the high 
gain (81 pounds) on rice polish had carried these hogs well past the 
stage of maximum softness and so made possible the development of 
a higher degree of firmness after eight weeks on brewers’ rice as 
compared to the other lots. 
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TABLE 22.—Average weights, gains, gradings, and refractive indezes of fats of 
46 hogs fed rice polish and supplements followed by brewers’ rice and 


supplements 
Ark Ark Mississippi | 
Item ES IS ESSESINE ES a 
INumbernof hogs 2s2=- 02 SS ASE as eee 7 6 (4) 5 
Initial weights... =.=. 5-25 =e pounds_-_ 83.9 78.7 60.0 | 73.8 
Check pigs: | 
Grading bi< 53252 oe ee) ahs 3 min? © MS S s MS 
Refractive index (back fat)_________________ 1. 4600 1. 4612 1. 4609 | 1. 4601 
Eat content of rice polish___________- per cent__} 12.6 13.6 14.0 12.4 
rain: 
Rice-polish period— | | 
INEM pounds__ 26 18 51 | 51 
INVa ms ae eter ene dens 60 55 84 7 
AVCIACe S24 5s eee d62. 45.1 EF 62.0 65. 2 
Brewers’ rice period— 
IVETE 8s Se a doe 62 117 118 100 
Maximeusiee is es BES: do____| 121 178 145 140 
A VOPAGC 22 Ss pee ee do-_-_--! 91.4 143.8 128.8 129.0 
Ratio of gains: Rice polish to brewers’ rice, 1 to. 2.02 3.80 | 2.08 2.00 
Average daily gain: | 
Rice-polish period_________-_____- pounds__| 0. 80 0.68 | 1.11 1.16 
Brewers’ rice period___---_-__-_----_ do____| 1. 63 P57 | 2. 30 2.30 
Slaughter weight_____-___-____.____-____- do____| 206.3 243.2 | 943.3 264. 0 
Grading: ! | 
(ASVGTACC. Dacre a ens Me ae, eee ate ee MSs MH H H 
Distributions oo ees eG | 48,2MH |1Ms,2MH| 4H 5H 
tet 1H 3H 
Refractive index at 40° C | 
Backsat 7 Bes oe eee ae Se he ee 1, 4598 1.4591 | 1. 4594 1. 4592 
Meniving: 20s eee ee ree Ee I ees 1. 4595 | 1. 4588 | 1. 4590 1, 4588 
| 
: | ee General 
Item hee there : average and 
| summary 
NmMmper OF hove. =. kp a Shae AS A Soe | 18 6 46 
tatitial weights, se — = 22 at ee pounds__| 66. 7 77.5 72. 48 
Check pigs: 
Gradina = a eee bee 1s ee MS H MS 
Refractiveandex (backifat): 28222 = ee ee 1. 4592 1. 4585 1. 4600 
MaAtContent OF TICe PONS ss = = obs 228s Sas per. cent-_ |. --- == 2 = |e 3 ee. oe ee 
Gain: | 
Rice-polish period— | 
TS BTN EP 5 0 sete ae ay a oe ee Ee Sos pounds__ 29 72 218.0 
TY V atts 061 eee eee Oe Re ge RP ge Beg Sys cs ees a dow 73 91 391.0 
NET ALC = 5 ee el A a Se do 5Sud 85.8 58. 36 
Brewers’ rice period— 
METI ee ee ee ea dos 50 107 2 50 
STW Ne ee eel ti i pt 8 Go=- 130 | 147 3178 
AREFAP OD 28 2 corees 9 eves SAC ea) PIG ES loi 101.9 | 129.8 114. 72 
Ratio of gains: Rice polish to brewers’ rice, 1 to_____-______-_- 1. 85 | 153 1. 97 
Average daily gain: 
Rice- polish POR OGL VEY aE ee ee ee doz2 0. 98 1. 45 1.04 
‘BrOWers: TICE DCLIOG fea Ee eee eee doe 182.1] Desa 2.05 
Slaughter WMOIPITE. Seaebeigd tet te zee ues se « beg sari do Vex 212.7 | 290.7 234. 11 
Grading: 
Eas EE AE See UE Dee: ha 0 58 be Bees) 4 ey Oe) ee) te i te ; H H H 
IDISCHI pion: <= 2. oe ere 8 ys ee ee ee 1 MH, 17H 6H 48,2 MS 
4 MH, 36H 
Refractive index at 40° C 
RAGES AEBS ae eee neg tess tee ae ee a 1. 4590 1. 4586 1, 4591 
eaiiatt os Peel se Re ee eee sees ee eee 1. 4585 1. 4582 1. 4587 
1 The initial letters=S, soft; MS, medium soft; MH, medium hard; H, hard. 
2 Actual minimum. 
3 Actual maximum. 
The softest lot was that of the Arkansas station in 1925. As in the 


lot for the following year, the gains on rice polish were relatively low, 


yet were sufficient to develop the maximum of softn 


ess. 


Although the 


gain on the hardening ration was twice that on the softening ration, 
the average grade of this lot was medium soft. Increasing total gains 
(softening plus hardening) and slaughter weights are associated with 
increasing firmness, with the possible « exception of the Iberia, 1926, lot. 
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The average results on the entire group of 46 hogs are convincing in 
showing that hard hogs can be produced by the feeding of brewers’ 
rice subsequent to rice polish. The average refractive index of the 
back fat was 1.4591 compared to 1.4594 for hogs of similar weight 
grown and fattened on corn and tankage. The average firmness of 
the carcasses was approximately the same for the two methods of 
feeding. The difference of three points in the refractive index is 
explained by the fact that hogs which have been fed rice polish or 
rice bran show lower refractive-index grade limits than corn-fed hogs. 
(Table 1.) ‘The results show that gains amounting to approximately 
a pound a day during the softening period of 56 days and about 
2 pounds per day during the hardening period of equal length pro- 
duced 87 per cent hard or medium- hard hogs weighing close to 


240 pounds. 


FEEDING RESULTS FROM RICE POLISH WITH TANKAGE, FOLLOWED BY CORN AND 
BREWERS’ RICE WITH TANKAGE 


Feeding results (Table 23) are available from eight experiments in 
which rice polish was fed with tankage and minerals, with and with- 
out additional supplements, and followed by corn and brewers’ rice 
with similar supplements. In 2 experiments the hogs were fed by 
the Arkansas station, in 1 by the Coastal Plain station, in 4 by the 
Iberia Farm, and in 1 by the Mississippi station. One hundred and 
seventy-six pigs were used and all were self-fed rice polish, tankage, 
and mineral mixture, by the free-choice method, during the first 
period. In four experiments the pigs were fed on green-oat or rye 
pasture and in the other four in dry lot. Skim milk was also fed in 
one experiment on pasture and in one in dry lot. 


TABLE 23.—Results of feeding rice polish with supplements, followed by corn and 
brewers’ rice with supplements, on pasture and in dry lot 


Self-fed, free choice, on 


green-oat or rye pasture Self-fed, free choice, in dry lot 


Item Iberia, 2 ex- | Iberia, | Arkansas, 2 ex- 
periments and | 1 ex- | periments, and Iberia, 1 
Mississippi, 1 peri- | Coastal Plain, experiment 
experiment ment 1 experiment 
Basal feed used during softening period______- Rice polish soit Rice polish Rice polish 
INumberof pigs useds yess es sae ee a 60 11 65 40 
Average initial weight______________- pounds__ 75. 08 70. 91 72. 24 68. 23 
Average final weight __-..--....._--_--- dopa: 136. 40 148. 91 117. 37 124. 45 
Average gain weight___-._______________ do. 61. 32 78 45, 13 56. 22 
Average number of days fed__________________ 54. 53 56 56 56 
Awerage daily gain <2 esis ears ss pounds__ To2 1.39 . 81 1 
Average feed consumed per 100 pounds gain: 
IRNCe;pDOlSh se eee eee eee pounds__ 349. 30 284. 03 380. 66 336. 68 
ARE OW EGAVE(S) aes tose = Rea ag ad ee 6M=-- 28. 68 27.97 43. 58 12. 81 
Sy Mee TM GEA get aes ee gs RT eS GOR Bee bu Bee aes eas D2 Ds 02: |e sae ee 305. 82 
INVENGEAIMIXG Tes = he ees ee doz 9. 46 5. 13 3. 52 8. 45 


Total feed, grain basis (6 pounds 
mInilk=1 pound CLAN) se Se ee 387. 44 354. 72 427. 76 408. 91 
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TABLE 23.—Results of feeding rice polish with supplements, followed by corn and 
brewers’ rice with supplements, on pasture and in dry lot—Continued 


Self-fed, free choice, on 


green-oat or rye pasture Self-fed, free choice, in dry lot 


Item Iberia, 2 ex- | Iberia, | Arkansas, 2 ex- 
periments, and} 1.ex- | periments, and Iberia, 1 
Mississippi, 1 peri- | Coastal Plain, experiment 
experiment ment | 1 experiment 
Brew- | Brew- Brew- Brew- 
Basal feed used during finishing period ______- Corn ers’ ers’ Corn ers’ Corn ers’ 
rice rice rice rice 
INuimberiof pigsmiSed ess) 4a ee ee ee 11 15 5 46 avi 20 19 
Average initial weight______.____.___ pounds__| 141.09 | 146.87 | 149 120. 37 | 110.24 | 124.55 | 124.05 
Average final weight ___________________ GO 8249276 282. 60 | 212.39 | 220.36 | 213.05 | 224. 37 
Average gainaweignG 2s. ae do____| 101.18 | 129.13 | 133.60 | 92.02] 110.12] 88.50] 100.32 
Average number of days fed__________________ 56 56 56 56 56 56 55.3 
Average daily gain 2 es ee pounds__| 1.81 2.31 2. 39 1. 64 1. 97 1. 58 1. 82 
Average feed consumed per 100 pounds gain: 
Com == Se See ee eee ee DOUNGSE2 RAN 7AQ7 alee ees ene Bt ots OA fel (neseeee ee aie 300: (Onle= ee 
IBTOWCFS2Tlee ks ce a Go ste ete 385. 59 | 380. 84 |_______- 345500 ees 329. 90 
Tanka res siececr se =: ees fe reey yas do___-| 18.33 9. 81 2. 84 32. 43 11. 61 10 8. 03 
Mineralsmixturess2 2) Sa. ee do___-| 16.35] 24.61 2. 25 3. 81 . 80 5. 14 4. 88 
SEam mikes Oe oe eed ee EN ERD 2 dol aes eee as 131673 )3| Sse | See 222.94 | 193.97 
‘Rotalbfeed =< -l¥ eee see wee eee 442.65 | 400.01 | 517.66 | 434.51 | 357. 50 | 574. 86 536. 78 
Total feed on grain basis (6 pounds 
milk=1 pound grain)______________- 442.65 | 400.01 | 407.88 | 434.51 | 357.50 | 389.08 375. 14 
1 Based on results from 6 hogs. 2 Based on results from 10 hogs. 


Twenty-six of the 60 hogs fed rice polish, tankage, and minerals 
on oat or rye pasture were finished in two lots of 11 and 15 hogs on 
corn and brewers’ rice, respectively, each with tankage, minerals, 
and oat or rye pasture. Five of the 11 hogs fed skim milk with the 
rice-polish ration on pasture during the first period were finished 
on the same feed combination, except that brewers’ rice replaced the 
rice polish. 

In the dry-lot feeding, rice polish, tankage, and minerals were 
self-fed to 105 hogs during the first period of four experiments. 
Sixty-six of these were finished in three lots on corn with supple- 
ments, whereas 36 were finished on brewers’ rice with supplements. 
The range of average initial weights in the several experiments 
was from 68 to 83 pounds. The average initial weight of the 176 
pigs was 72.83 pounds. 

In the summarized feeding results shown in Table 23, there are 
several consistent differences between groups worthy of mention. 
During the softening period on rice polish the lots receiving skim 
milk in addition to tankage gained at a more rapid rate. The lots 
on pasture required less feed, exclusive of pasture, than the corre- 
sponding lots in dry lot. Undoubtedly the most interesting result 
from the hardening period is the high feeding value of brewers’ 
rice. The average daily gains of the lots on brewers’ rice were decid- 
edly higher than the corresponding ones on corn. In two cases the 
average gains were above 2 pounds a day. 


SUMMARY 


Undesirable characteristics are found in the products of soft hogs. 
These characteristics are attributable to a lack of firmness in the fat. 
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The products from typical soft hogs are inconvenient to handle and 
unattractive to many people. The producer marketing hogs sus- 
pected of being soft usually must accept a lower price than if the 
hogs are thought to be firm, or sell subject to grading after chilling. 

Until recent years the problem was regarded as of importance 
only in peanut-producing sections of the country. Later develop- 
ments, however, including a remarkable expansion in the use of soy 
beans in hog production, have enlarged it to one of nation-wide 
scope. 

Cooperative investigations were inaugurated by a number of the 
State stations and the Bureau of Animal Industry on July 1, 
1919. The work has been continued as a cooperative enterprise 
from the beginning without interruption. The experiments were 
conducted in accordance with a program formulated each year by 
the conference of cooperators. With few exceptions the hogs used 
in the work were slaughtered and graded for firmness at the Animal 
Husbandry Experiment Farm at Beltsville, Md. Back fat and leaf 
fat samples were taken from each hog carcass for laboratory exami- 
nation. The refractive index was adopted as the standard laboratory 
measure of firmness of the fats. 

The annual conference of cooperators also studied results in detail, 
made deductions from these results, recommended publications, and 
approved or disapproved material prepared for publication. 

The soft-pork problem, fundamentally, is a fat problem. When 
the fat of feeds is stored by the hog there is no essential change in its 
character with respect to firmness or softness. The fat of most of 
the common feeds is soft and in some cases fluid at ordinary tempera- 
tures. There is enough fat in some feeds to account for all of that 
stored. In such cases the body fat closely resembles the feed fat. 
With feeds low in fat and high in carbohydrates there is little simi- 
larity between the fat consumed by the hog and that found in the 
body when the animal has been fed at least to a moderate weight and 
degree of finish. This is attributable to the admixture of a firm fat 
synthesized from the carbohydrates. When fed in excess of the 
body’s needs for growth and maintenance, protein may enter also 
into fat formation and there is no evidence to indicate that it 
produces soft fat. 

In brief, the character of fat stored seems to a great extent to be 
governed, primarily, by the amount and character of fat and, sec- 
ondarily, by the amounts of carbohydrates and protein, particularly 
the former, in the feed consumed in relation to the rate of fat 
deposition. 

When a hog grows and fattens normally the rate of fat deposition 
gradually increases. Thus, while a low-fat feed may contain prac- 
tically fat enough to fulfill the fat-storage requirements of the 
younger hog it probably will not contain enough for the older hog 
fattening at a more rapid rate. The other nutrients, particularly the 
carbohydrates, must enter into fat formation to an increasing extent 
under these conditions. This results in the hog becoming firmer as 
it acquires weight and finish. 
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The reader is referred to Department Bulletin 1407 (4) for a more 
detailed explanation and discussion of the soft-pork problem and of 
the methods used in this cooperative study. 

Following are conclusions covering the experimental work reported 
in this bulletin (numbers are for convenient refer ence) : 

(1) Peanuts grazed or self-fed in dry lot with or without minerals 
to pigs starting at weights ranging from 85 to 114 pounds and mak- 
ing gains of approximately 40 pounds or more on that feed through a 
per riod of approximately eight weeks will not produce firm carcasses 
at the usual market weight. of 200 to 225 pounds attained by subse- 
quent feeding of corn with tankage after the peanuts. Results have 
shown, in fact, that gain on corn with tankage up to approximately 
120 pounds, this maximum being produced during a feeding period 
of approximately 16 weeks’ duration, following gains of 40 or more 
pounds on peanuts, usually will not produce hard or medium-hard 
hogs. As the gain on peanuts increases, the subsequent gain on corn 
with tankage necessary to produce a certain degree of firmness like- 
wise increases. 

In comparing the results from the pigs having initial weights of 
from 115 to 142 pounds with those from the lighter-weight pigs (re- 
ferred to above) it is apparent that it is fully : as difficult to produce 
firm hogs from the former as from the latter. There is an indication, 
in fact, “that the hardening progresses more slowly with the heavier 
pigs, the gains on peanuts having been equal. The results strongly 
suggest that if a practical plan of producing firm hogs under this 
system of feeding is to be developed it must make use of pigs weigh- 
ing less than 85 pounds at the beginning of the peanut feeding. 

(2) Soy beans grazed alone or with minerals self-fed to pigs 
starting at weights ranging from 85 to 160 pounds and making at 
least a moderate rate of gain through a period of from six to eight 
weeks will not produce firm carcasses in the usual case even though 
a subsequent gain in weight has been made by the pigs on corn with 
tankage double that previously made on soy beans. 

(3) “Soy beans grazed with a supplementary ration of 2.5 per cent 
of shelled corn with or without minerals self-fed to pigs starting at 
weights ranging from 85 to 114 pounds and making gains of approxi- 
mately 20 to 60 pounds through a period of from “six to eight weeks 
will not produce firm carcasses in the usual case even though a sub- 
sequent gain in weight has been made by the pigs on corn with tank- 
age equal to that previously made on the soy beans—2.5 per cent corn 
ration. 

(4) Soy beans grazed with a supplementary ration of 2.5 per cent 
of shelled corn with or without minerals self-fed to pigs starting at 
weights of 115 pounds and over and making gains of approximately 
40 to 90 pounds through a period of from six to eight weeks will 
produce firm carcasses in the usual case provided a subsequent gain 
in weight is made on corn with tankage 1.5 times that previously 
made on the soy-bean—2.5 per cent corn ration. 

(5) Soy beans grazed with a supplementary ration of 1.5 to 2.5 
per cent of shelled corn and with minerals self-fed to pigs starting 
at weights ranging from 25 to 85 pounds and making gains of approx- 
imately 40 to 75 pounds through a period of from 8 to 10 weeks 
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produce, in the usual case, carcasses of a satisfactory degree of firm- 
ness when a subsequent gain in weight of 125 pounds or more has 
been made by the pigs on corn with tankage. 

(6) Soy beans fed as a supplement to corn in dry lot in the ratio 
of i pound of soy beans to 3 pounds of shelled corn to pigs ranging 
up to 180 pounds in starting weights will not produce firm carcasses 
in the usual case when the hogs are slaughtered after a gain of 
approximately 100 pounds or more has been made on the corn-soy- 
bean ration. 

(7) Rice bran and tankage self-fed free choice on rye pasture or 
in dry lot and with or without a supplement of 5 pounds or less of 
skim milk per animal daily to pigs starting at weights under 100 
pounds and making gains up to 100 pounds through a feeding period 
of from 8 to 16 weeks produce soft carcasses. 

(8) Rice bran with tankage followed by corn with tankage fed to 
pigs with initial weights of from 50 to 114 pounds through equal 
feeding periods of eight weeks each has not produced uniformly firm 
carcasses. The wide distribution in the gradings of the carcasses, 
even though the average gain of the hogs on hardening feed was 
over twice that on softening feed, is attributed to a number of factors. 
Among these factors were previous feeding, fat content of the rice 
bran, rate of gain, and relative gains on softening and hardening 
feeds. 

(9) The hardening effects of corn and of brewers’ rice fed subse- 
quently to rice polish were determined on pigs with initial weights 
ranging from 50 to 114 pounds. In the case of the first-named feed 
it has been concluded that rice polish and tankage self-fed, free choice, 
on oat or rye pasture or in dry lot to pigs starting at weights of 50 
to 114 pounds and making gains of 35 pounds or more through a 
period of approximately eight weeks do not produce firm carcasses 
in the usual case, even though a subsequent gain in weight has been > 
made by the pigs on corn with tankage equal to that made on the rice- 
polish ration. In fact, the general average on 75 hogs shows that a 
gain on the corn ration of 1.79 times that on the rice-polish ration 
resulted in an average grading of medium soft. 

On the other hand, brewers’ rice fed in place of corn, other condi- 
tions being equal, has produced firm carcasses when the gain on the 
brewers’ rice ration was twice that on rice polish. 
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